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ANNUAL  REPORT  OF  LIEUTENANT  COLONEL  Q.  A.  GILL- 
xMORE,  CORPS  OF  ENGINEERS,  FOR  THE  FISCAL  YEAR 
ENDING  JUNE  30,  1874. 

United  States  Engineer  Office, 

New  York^  August  28,  1874. 

Genekal  :  1  have  the  honor  to  submit  herewith  my  annual  report 
upon  the  several  works  of  surveys  and  examinations  and  harbor  im- 
provements under  my  charge. 

The  reports  show  the  operations  carried  on  during  fiscal  year  ending 
June  30,  1874 ;  the  operations  contemplated  during  fiscal  year  ending 
June  30,  1875 ;  and  estimates  for  tbe  year  ending  June  30,  1876. 

The  operations  of  the  United  States  dredging-steamer  Henry  Burden 
are  made  the  subject  of  a  separate  report. 

Very  respectfully,  general,  vour  obedient  servant, 

Q.   A.  GiLLMOBE, 
Lieut  Col.  of  Engineers^  Bvt  Maj.  Oen. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers  J  U,  6'.  A. 


T  I. 


IMPROVEMENT  OF  THE  SHIP-CHANNEL  IN  CHARLESTON  HARBOR,  SOUTH 

CAROLINA. 

The  project  for  this  work  comprised  the  removal  of  sundry  wrecks 
sunk  in  the  harbor  during  the  civil  war,  the  removal  of  125  linear  feet 
from  the  outer  end  of  the  Bowman  jetty,  projecting  from  Sullivan's  Island 
into  Beach  Channel,  and  dredging  in  that  channel  to  a  depth  of  15  feet 
low-water  soundings. 

The  estimated  cost  of  these  improvements  was  $74,000  to  $76,000. 
There  has  been  appropriated  $74,700. 

During  the  past  fiscal  year  the  work  accomplished  comprised  the  re- 
moval of  only  738  cubic  yards  of  stone  from  the  outer  end  of  Bowman's 
jetty,  most  of  which  was  placed  on  or  alongside  the  shore  end  of  the 
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same,  and  122  cubic  yards  was  deposited  iu  deep  water  to  the  west  of 
the  chanuel  end  of  the  jetty.  This  work  does  not  progress  as  rapidly 
as  was  expected,  in  consequence  of  the  strong  currents  which  exist  there 
at  all  stages  of  the  tide  except  for  a  couple  of  hours  at  slack-water  of  ebb 
and  flood  tide.  The  contractors  at  work  on  tbe  jetty  are  Mr.  Joel  Griffin, 
under  a  contract  entered  into  on  the  30th  of  September,  1872,  and  Mr. 
Benjamin  Maillefert,  under  a  contract  entered  into  on  the  8th  of  May, 
1874.  There  were  also  removed,  under  a  contract  with  Mr.  Benj.  Mail- 
lefert, entered  into  on  the  16th  of  8ei)tember,  1873,  the  wrecks  of  the 
Stono,  the  Prince  of  Wales,  and  the  Juno,  lying  close  to  the  Bowman 
jetty  on  the  eavSt  side. 

Under  a  contract  executed  April  15,  1873,  Mr.  Benj.  Maillefert  re- 
moved the  wreck  of  the  monitor  Keokuk,  sunk  in  the  main  channel 
abreast  of  Morris  Island,  and  purchased  by  him  for  the  sum  of  $50. 

My  assistant,  Capt.  J.  W.  Cuyler,  Corps  of  Eiigineers,  in  reporting 
u[)on  the  progress  of  the  work  of  removing  Bowman's  jett^,  says : 

Mr.  Griffin  raises  his  stoue  by  a  pair  of  grappling-irons,  worked  by  a  whip  by  man- 
power, on  a  small  flat,  and  can  Vaise  stone  from  1^  to  2^  cnbic  yards  in  size.  Mr.  Mail- 
lefeit  works  on  a  larger  scale,  using  a  large  scow,  on  which  is  a  heavy  *•  tongs"  or  set  of 
claws,  run  by  steam-power,  and  can  take  up  st^one  from  3  to  4  cubic  yards  iu  size.  The 
locality  is  most  unfavorable  for  this  work.  Owing  to  exposure  to  heavy  seas  and  a  con- 
tracted channel-way,  giving  strong  currents,  varying  with  the  winds  and  the  different 
8tagei$  of  the  tide,  it  was  found  impossible  to  do  any  work  but  for  about  an  hour  on 
either  side  of  the  black-water  time,  so  that  the  work  has  progre«8e<l  but  slowly ;  scarcely 
as  rapidly  as  the  importance  of  it  called  for.  To  meet  this  requirement,  it  is  deemed 
that  appliances  more  perfect  than  those  now  iu  use,  aud  the  carrying  ou  of  operations 
on  a  more  extended  scale,  are  requisite — indeed  indispensable. 

No  dredging  was  done  during  the  past  fiscal  year  in  Beach  Channel, 
it  having  been  thought  best  to  defer  this  work  until  the  end  of  the  jetty 
was  removed  t)  a  depth  of  16J  feet  below  low -water,  in  order  that  the 
benefit  of  the  increased  flow  to  be  secured  thereby  might  be  realized. 

Dui  ing  the  present  fiscal  year  the  work  of  removing  the  end  of  Bow- 
man's jetty  will  be  continued,  and  probably  completed  to  a  dei)th  of  16^ 
feet  below  low-water,  over  that  portion  composing  125  linear  feet  of  its 
outer  end,  as  first  estimated. 

Dredging  in  Beach  Channel  to  secure  the  desired  depth  of  15  feet  at 
mean  low-water  will  also  be  carried  on,  and  i)ossibly  completed.  The 
time  of  its  completion  will  depend  on  whether  the  work  is  done  by  con- 
tract or  by  the  Unite-.J  States  dredging-steamer  Henry  Burden.  If  by 
the  latter,  it  will  be  prosecuted  in  connection  with  dredging  elsewhere^ 
the  magnitude  of  which  cannot  be  stated  in  anticipation  of  proposals 
from  contractors.  Beach  Channel  is  essentially  a  flood-tide  channel; 
the  tidal  wave  in  entering  it  meets  with  no  sudden  bar  to  obstruct 
its  How  until  it  reaches  Drunken  Dick  Shoal  and  the  contracted  water- 
way between  this  shoal  and  Fort  Moultrie,  where  the  Bowman  jetty  is 
located.  A  vessel  entering  this  channel  from  the  ocean,  after  reaching 
four  fathoms  of  water  ofl  Rattlesnake  Shoals,  six  miles  distant  from 
Fort  Moultrie,  would  gradually  and  quite  regularly  shoal  her  sound- 
ings until  she  arrived  at  the  narrow  pass  between  the  end  of  Bow- 
man jetty  and  Drunken  Dick  Shoal,  where  she  woidd  encounter  a 
narrow  channel  a  little  less  than  15  feet  dee]),  with  a  sharp  turn  to  the 
southward,  caused  by  the  projecting  end  of  the  jetty.  It  is  expected 
that  the  removal  of  the  outer  end  of  this  jetty  will  result  in  straighten- 
ing the  channel  without  any  diminution  of  depth,  and  it  is  hoped  that 
any  additional  width  and  depth  secured  iu  the  narrow  pass  by  dredging 
will  be  permanent.  The  direction  of  Beach  Channel,  with  the  exception 
of  the  sudden  turn  above  mentioned,  is  due  east  and  west.    The  turn  is 
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expected  to  disappear,  in  great  measure,  with  the  removal  of  the  outer 
portioQ  of  the  jetty,  upon  which  work  is  now  in  progress.  The  dii  ection 
of  the  flood -current  through  Beach  Channel  is,  therefore,  due  west. 
When  it  reaches  the  inner  end  of  that  channel,  at  the  jetty,  it  meets 
the  main  vohime  of  the  flood  through  the  main  ship,  the  north,  and 
the  swasli  channels,  and  is  diverted  in  a  northwesterly  direction,  par- 
allel to  that  portion  of  Sullivan's  Island  west  of  Fort  Moultrie,  ami  flows 
thence  through  Rebellion  Roads  and  Hog  Island  Channel.  On  the  ebb 
this  large  volume  of  water,  constituting^  perhaps,  three-fourths  of  the 
entire  ebb-flow  in  the  harbor,  takes  the  opposite  or  southeasterly  direc- 
tion, and,  passing  by  the  narrow  inner  end  of  the  Beach  Channel,  flows 
to  the  sea  through  the  several  channels  farther  south.  One  of  the  objects 
of  shortening  Bowman  jetty  is,  therefore,  to  increase  the  volume  of  ebb 
flowing  through  Beach  Channel.  In  the  original  project  for  the  improve- 
ment of  this  harbor,  submitted  in  my  communication  of  May  13,  1871, 
it  was  stated  that — 

Should  the  removal  of  125  feet  from  the  ead  of  Bow^mau  jetty  be  executed  with  such 
resnlto  aa  to  suggest  a  further  reduction  iu  the  length  of  that  work,  an  additional  ap- 
propriation will  be  requested. 

Over  this  section  of  125  feet  a  depth  in  no  place  less  than  11 J  feet  at 
mean  low- water  was  attained  during  the  last  fiscal  year,  resulting  in 
such  an  increase  in  the  volume  of  flow  on  the  ebbtide  that  I  am  induced 
to  recommend  a  further  reduction  of  50  feet  in  the  length  of  the  jetty, 
at  an  estimated  cost  of  $10,000,  inclusive  of  the  necessary,  additional 
dredging. 

Within  the  last  few  weeks  the  municipal  authorities  of  the  city  of 
Charleston  have  taken  some  important  steps  towards  the  improvement 
of  Pumpkin  Hill  Channel  across  the  main  bar,  opposite  the  lower  end  of 
Morris  Island.  This  channel  is  the  one  now  exclusively  used  by  large 
vessels.  It  is  run  by  range-lights  on  Morris  Island.  A  contract  has 
been  entered  into  between  the  city  authorities  and  Mr.  Benjamin  Maille- 
fert,  under  which  the  latter  agrees  to  establish  a  channel  20  feet  deep  at 
mean  high- water,  and  of  a  specified  width.  1  eutertiiin  no  doubt  of  the 
practicability  of  dredging  such  a  channel  with  a  centrifugal  pump, 
which  the  contractor  intends  to  use,  substantially  as  now  employed  upon 
the  steamer  Henry  Burden. 

Experience  will  indicate  whether  the  annual  cost  of  maintaining  such 
a  channel  at  that  point  will  be  too  great  to  justify  the  General  Govern- 
ment in  assuming  it. 

The  contemplated  depth  of  20  feet  at  mean  high  water  (or  15  feet  at 
mean  low-water)  is  the  same  as  that  adopted  in  the  project  for  improv- 
ing Bea<jh  Channel.  But  20  feet  in  Beach  Channel  is  equivalent  to 
nearly,  if  not  quite,  22  feet  on  Pumpkin  Hill,  owing  to  the  much  great^er 
swell  always  existing  at  the  last-named  locality.  A  vessel  drawing  18 
feet  of  water  would  require  an  exceptionably  quiet  sea  in  order  to  pass 
through  Pumpkin  Hill  Channel  on  20-feet  soundings  without  striking 
the  bottom,  while  she  could  ordinarily  pass  Beach  Channel  on  18J  to  19 
feet  soandings. 

Financial  statement 

Balance  in  Treasury  of  the  United  States  July  1,  1873 $26, 700  00 

Amount  in  bands  of  officer  and  subject  to  his  check 9, 142  44 

Ainonnt  appropriated  by  act  approved  June  23,  1874 18, 000  00 

Amount  expended  during  iiHcal  year  ending  June  30, 1874 20,018  57 

Amount  available  July  1,  1874 30,573  87 

Amount  required  for  the  fiscal  year  ending  June  30, 1876 10, 000  00 
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T  2. 

IMPROVEMENT  OF  SAVANNAH  RIVER  AND  HARBOR,  GEORGIA. 

The  annual  report  of  the  progress  made  in  the  improvement  of  Savan- 
nah River,  durinor  the  fiscal  year  ending  June  30,  1873,  embraced  a  pro- 
ject- 
Having  in  view  the  ultimate  achievement  of  a  practicable  low-water  ship-chanuel 
15  feet  in  depth,  or,  rather,  a  channel  by  which  vessels  drawing  22  fet^t  of  water  can 
pass  on  the  high -tide  from  Tybee  Roads,  where  the  mean  rise  and  fall  is  7  feet,  to  Sa- 
vannah City,  w^here  the  mean  rise  arftl  fall  is  only  6|  feet. 

It  was  stated  that  the  estimated  cost  of  carrying  out  the  entire  project 
was  $481,320,  and  that  the  general  plan  could  be  extended  and  a  greater 
channel-depth  attained,  if  it  should  be  found  expedient  to  do  so. 

OPERATIONS  DURING  THE  TEAR. 

The  operations  during  the  past  fiscal  year,  although  conducted  in  fur- 
therance of  the  project  referred  to  above,  were  not  included  in  the  gen- 
eral estimate.  They  consisted  in  dredging  at  various  points,  and  in 
removing  sundry  wrecks  and  other  obstructions  as  specified  below. 

1.  Northeast  of  Fort  Pulaski,  and  south  of  the  light-ship,  55,369  cubic 
yards  of  materials  have  been  removed  from  a  shoal  or  bar  which  sepa- 
rates Tybee  Koads  from  the  channel  passing  between  the  oyster-bed 
and  Fort  Pulaski.  The  channel  established  over  this  shoal  is  13  feet 
deep  and  nearly  200  feet  wide  at  mean  low-water. 

Most  of  the  dredging  in  this  locality  was  done  b}'  the  United  States 
dredge-steamer  Henry  Burden,  and  it  was  found  convenient  and  deemed 
expedient  to  make  the  channel  considerably  wider  than  was  contemplated 
when  the  project  for  the  fiscal  year  was  submitted. 

2.  Abreast  of  Elba  Island  a  long  shoal  exists  from  which  57,688  cubic 
yards  of  materials  were  removed,  and  a  channel  13J  feet  deep  and  fully 
100  feet  wide  at  mean  low-water  secured. 

Upon  this  shoal  the  work  done  was  fully  double  the  quantity  estimated 
for  and  set  forth  in  the  specifications,  a  large  deposit  of  silt  having 
taken  place  between  the  time  when  the  surv^ey  used  in  the  calculations 
for  the  work  was  made  and  the  period  of  commencing  the  dredging. 
At  other  points,  notably  opposite  the  lower  end  of  Elba  Island,  and  also 
opposite  the  upper  end  of  Long  Island,  the  shoals  have  been  removed 
to  such  a  degree  by  the  scouring  action  of  the  water  that  no  dredging 
has  yet  been  necessary,  and  none  is  contemplated,  during  the  present 
fiscal  year,  or  under  the  appro[)riation  made  in  the  act  approved  June 
23,  1874. 

3.  At  the  place  known  as  The  Wrecks,  opposite  the  lower  end  of 
Fig  Island,  2,436  cubic  yards  of  materials  have  been  removed.  Of  the 
115,403  cubic  yards  of  dredging  accomplished  during  the  year,  45,607 
cubic  yards  were  taken  out  by  the  United  States  dredge-steamer  Henry 
Burden  from  the  shoal  northeast  of  Fort  Pulaski,  and  the  balance, 
69,886  cubic  yards,  by  the  city  of  Savannah  under  contract.  (A  full 
report  of  the  work  done  by  the  steamer  Henry  Burden  during  the  year 
is  given  in  a  statement  by  itself.)  No  dredging  was  done  upon  Garden 
Bank  opposite  the  city  of  Savannah. 

4.  The  WTCc^ks  of  two  large  wooden  vessels  of  1,000  to  1,200  tons 
burden  each  (the  Thompson  and  the  Sebastecook)  were  removed  from 
the  channel  northwest  of  Fort  Pulaski,  near  the  oyster-bed  beacon. 
This  work  was  done  under  a  special  agreement  entered  into  with  Mr. 
David  Synions,  on  the  authority  of  the  Chief  of  Engineers.    A  lighter 
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loaded  with  oyster-shells  for  Fort  Pulaski,  sunk  in  the  channeljopposite 
that  work,  was  also  removed  by  Mr.  Synious,  uuder  authbrityjfrom  the 
Chief  of  Engineers. 

WORK  CONTEMPLATED  DUBING  THE  PRESENT  FISCAL  YEAR. 

The  act  approved  June  23, 1874,  appropriated  $50,000  for  continuing 
the  improvement  of  the  harbor  of  Savannah.  It  is  proposed  to  expend 
this  sum  substantially  as  follows,  although  all  the  work  specified  may 
not  be  completed  during  the  fiscal  year,  viz: 

1.  In  dredging  20,000  to  25,000  cubic  yards  from  the  shoal  northeast 
of  Fort  Pulaski  in  order  to  establish  a  channel  13^  feet  deep  and  150 
feet  wide  at  mean  low- water.  It  is  probable  that  the  width  will  exceed 
150  feet. 

2.  In  dredging  25,000  to  30,000  cubic  yards  from  the  shoal  abreast  of 
Elba  Island  so  as  to  secure  at  that  point  a  channel  13^  feet  deep  and 
125  feet  wide  at  mean  low-water. 

3.  In  dredging  35,000  to  40,000  cubic  yards  at  "The  Wrecks,"  opposite 
the  lower  end  of  Fig  Island,  so  as  to  secure  a  channel  13|  feet  deep  and 
125  feet  wide  at  mean  low-water. 

4.  In  dredging  30,000  to  38,000  cubic  yards  from  Garden  Bank,  oppo- 
site the  lower  portion  of  the  city  of  Savannah,  so  as  to  establish  along 
the  city  wharves  a  channel  13^  feet  deep  and  not  less  than  125  feet 
wide  in  that  locality. 

5.  In  removing  one  crib  sunk  during  the  civil  war  in  the  channel  at 
the  entrance  from  the  Savannah  River  into  St.  Augustine  Greek. 

This  channel  was  closed  by  a  line  of  heavy  cribs  and  piles,  many  of 
which  have  already  been  taken  out.  It  is  not  proposed  to  remove  them 
all,  but  to  widen  the  existing  opening  for  the  accommodation  of  steam- 
ers and  small  sailing-vessels  using  the  inside  passage  from  Savannah  to 
Brunswick  and  farther  south. 

At  both  Garden  Bank  and  "  The  Wrecks''  the  natural  causes  at  work 
have  a  tendency  to  fill  up  the  channel.  The  obvious  remedy  for  this 
evil  is  to  increase  the  volume  of  flow  in  the  stream  by  means  of  a  dam 
or  a  deflecting  jetty  at  '*  Cross-Tides"  in  conjunction,  if  necessary,  with 
a  contraction  of  the  water-way  by  means  of  longitudinal  jetties  wher- 
ever needed. 

The  project  submitted  last  year  contemplates  both  of  these  classes  of 
works,  and  I  deem  it  extremely  doubtful  whether  the  channel  will  main- 
tain itself  at  the  necessary  depth  without  a  resort  to  them. 

An  essential  feature  of  that  project  is  a  dam  at  "  Cross-Tides"  with  a 
sluice-way  lor  river-boats,  or  in  lieu  thereof  a  deflecting  jetty,  the  object 
in  either  case  being  to  force  into  Front  River  along  the  wharves  of  the 
city  of  Savannah  a  portion  of  the  large  volume  of  w^ater  which  now 
passes  into  Back  River  through  the  Cross-Tides,  four  miles  above  the 
city,  and  joins  the  Savannah  River  again  below  Pig  Island  and  one  mile 
below^  the  lower  city  limits. 

^Nearly  tw  o-thirds  of  the  water  coming  down  the  Savannah  River  flows 
through  the  "Cross  Tides'^  into  Back  liiver,  while  only  one- third  of  it 
passes  down  Front  River  past  the  city  wharves  and  over  the  shoals 
known  as  Garden  Bank  and  "  The  Wrecks,"  that  are  such  serious  ob- 
structions to  navigation. 

I  entertain  grave  doubts  of  the  stability  of  any  channel  established 
over  these  shoals  by  dredging  alone,  unaided  by  suitable  works  for  aug- 
menting the  volume  of  flow. 

I  therefore  deem  the  construction  of  the  work  projected  at  "  Cross- 
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Tides,"  either  a  deflecting  jetty  or  a  sluice-dam — preferably  the  latter — 
as  of  capital  importance. 

lu  order  to  secure  the  construction  of  this  work,  and  at  the  same  time 
carry  on  the  necessary  improvement  by  dredging  at  points  lower  down, 
a  liberal  appropriation  is  recommended. 

It  is  not  improbable  that  after  the  jetty  or  dam  is  finished  it  will  be 
found  necessary  to  contract  the  natural  water-way  at  some  points  in 
order  to  establish  a  more  rapid  current  over  the  shoals. 

In  my  judgment  the  work  at  "Cross-Tides"  should  first  be  constructed. 
This  will  result  in  an  increased  volume  of  water  to  deal  with  at  the 
shoals  below.  The  measure  of  this  increase  will  determine  the  method 
of  improvement  likely  to  prove  the  most  advantageous. 

The  omission  of  this  dam  from  the  scheme  of  proposed  improvement 
will  in  my  opinion  materially  enhance  the  total  cost  of  the  projected 
works,  for  not  only  will  the  scouring  effects  of  the  increased  flow  to  be 
established  by  the  dam  be  wanting,  but,  to  compensate  for  its  absence, 
the  contraction  of  the  channel  with  longitudinal  jetties  in  order  to  create 
an  ebb  current  of  the  requisite  velocity  to  keep  the  channel  open  may 
have  to  be  resorted  to,  on  a  scale  not  estimated  for  or  deemed  necessary 
on  the  hypothesis  of  a  dam  at  "Cross-Tides." 

Even  the  postponement  of  the  construction  of  this  deflection  jetty  or 
dam  until  the  heaviest  part  of  the  dredging  is  done  on  the  shoals  at  and 
below  the  city  will  increase  the  cost  of  completing  the  works. 

Its  construction  at  the  earliest  practicable  moment  is  urged  as  a  meas- 
ure of  economy. 

The  detailed  estimate  of  the  total  cost  of  the  proposed  improvements, 
together  with  a  table  of  statistics  showing  the  steady  increase  of  the 
commerce  of  the  city  of  Savannah,  was  included  in  my  last  annual 
report. 

Financial  Htateinent. 

Balance  in  Treasury  of  United  States  July  1,1873 $70,000  00 

Amount  in  hands  of  officer  and  subject  to  his  check 1, 805  64 

Amount  approjiriated  by  act  approved  June  2t?,  1874 50, 000  00 

Amount  expended  during  fiscal  year  ending  June  30, 1874 71, 149  55 

Amount  available  July  1,  1874 50.656  09 

Amount  required  for  fiscal  year  ending  June  30, 1876 175, 000  00 

Additional  amount  which  will  be  required  to  complete  the  project 356,320  00 


T3. 

IMPROVEMENT  OF  THE  BAR  AT  THE  MOUTH  OF  THE  ST.  JOHN^S  RIVER* 

FLORIDA. 

The  temporary  improvement  of  the  ship-channel  across  the  St.  John's 
Eiver  Bar,  by  dredging,  was  carried  on  during  a- period  of  fifteen  weeks, 
with  the  Unite<i  States  dredging-steamer  Henry  Burden,  fully  described 
in  my  previous  reports,  more  particularl}'^  in  the  annual  report  of  the 
Chief  of  Engineers  for  the  fiscal  year  ending  June  30,  1872. 

At  the  time  work  was  begun,  on  September  29,  1873,  it  was  found 
that  many  changes  had  taken  place  since  the  suspension  of  work  the 
previous  November.  The  portion  dredged  in  south  channel  had  shoaled 
considerably,  and  had  become  crooked  and  elongated,  while  the  channel 
north  of  Pelican  Bank  had  scoured  out  to  such  a  degree  that,  in  resi>ect  to 
depth  of  water,  there  was  only  a  few  inches  diflference  in  favor  of  the 
south  channel. 

;^,The  north  channel  being  much  the  shortest  of  the  *two,  and  in  all 
respects  quite  as  accessible  bnd  convenient  for  vessels,  seemed  to  offer 

*  ^  Digitize' 


REPORT    OF   THE    CHIEF    OF   ENGINEERS.  9 

the  best  promise  of  useful  results  with  the  small  sura  available  for  the 
work.    It  was  therefore  selected  as  the  one  to  be  dredged. 

The  total  quantity  of  sand  removed  between  Se[)tember  29, 1873,  and 
January  10,  1874,  when  work  was  suspended,  was  14,649  cubic  yards. 

The  amount  expended  in  running-expenses,  current  repairs,  and  altera- 
tions was  $3,915.59,  or  an  average  of  26|  cents  per  cubic  yard.  I  am 
not  prepared  to  say  that  the  work  done  resulted  in  any  material  im- 
provement of  the  channel.  The  season  was  exceptionably  bad  for  dredg- 
ing, and  the  interrui)tioiis  from  storms  and  heavy  fogs  frequent  and 
sometimes  prolonged.  The  consequence  was  that  the  increased  depth 
achieved  from  time  to  time  during  the  few  periods  of  comparatively 
continuous  work  which  the  weather  allowed  was  filled  in  by  the  suc- 
ceeding storms,  and  the  channel  restored  to  its  normal  condition,  if  such 
a  term  can  be  applied  to  a  water-way  possessing  no  stability  and  liable 
to  be  changed,  not  only  in  its  position  and  direction  but  in  its  depth 
also,  by  every  storm  that  occurs  upon  the  coast,  no  matter  from  what 
direction  it  may  proceed. 

It  has  never  been  assumed  nor  supposed  that  dredging  in  the  channel 
across  the  Saint  John's  bar  would  result  in  any  permanent  improvement. 
On  the  contrary,  the  constantly  shifting  character  of  this  bar  has  been 
admitted  from  the  first,  and  discussed  at  some  length  in  my  annual 
reports. 

The  only  kind  of  permanent  improvement  which  is  at  all  applicable 
to  the  mouth  of  this  river,  with  any  promise  of  success,  is  the  method 
of  jetties;  and  even  jetties,  although  judiciously  located  and  well  con- 
structed, might  signally  fail  to  give  that  measure  of  relief  which  is  de- 
sired. 

It  is  claimed  by  parties  interested  in  the  growth  of  Jacksonville,  and 
in  the  trade  naturally  tributary  to  the  St.  John's  River,  that  a  large 
amount  of  freight  from  the  West  will  seek  ocean  transi)ortation  by  way 
of  that  stream  as  soon  as  the  Jacksonville,  Pensacola  and  Mobile  Rail- 
road, having  its  eastern  terminus  at  Jacksonville,  shall  have  formed  its 
contemplated  western  connections;  and  that  it  will  then  be  demanded 
of  the  General  Government,  in  the  furtherance  of  what  is  understood 
to  be  its  general  policy  of  internal  improvements,  to  expend  money  lib- 
erally for  permanent  works  of  improvement,  either  at  the  mouth  of  the 
St.  John's,  or,  as  an  alternative,  upon  a  ship-channel  or  canal  for  large 
vessels  between  that  river  and  Nassau  Inlet,  or  even  Fernandina. 

The  soundness  of  these  views  may  well  be  questioned ;  for  a  glance  at 
the  map  will  show  that  eastern  bound  freight  from  all  points  west  of 
the  Apalachicola  River  would  naturally  seek  Mobile  or  Pensacola  as  a 
shipping-port  in  preference  to  a  harbor  on  the  Atlantic  coast,  the  saving 
in  distance  by  rail  being  more  than  sufficient  to  compensate  for  the 
lengthened  voyage  by  sea. 

It  would  appear,  therefore,  that  only  the  middle  and  eastern  portions 
of  Florida,  and  that  part  of  Georgia  beyond  reach  of  the  railroad-system, 
whose  tide  water  connection  is  at  Brunswick,  could  afford  to  send  its 
productions  to  the  St.  John's  River  for  shipment.  But  conceding  that 
this  is  not  the  case,  and  that  at  an  early  day,  or  as  soon  as  certain  pro- 
jected roads  are  completed,  the  amount  of  freight  brought  to  tide- water 
on  the  Atlantic  by  the  Jacksonville,  Pensacola  and  Mobile  Railroad 
and  the  Florida  Railroad  will  require  a  harbor  with  ample  depth  of  water 
for  large  sea-going  vessels.  Even  under  this  hypothesis  it  does  not 
necessarily  follow  that  the  requisite  facilities  for  transshipment  should 
be  supplied  by  the  General  Government  on  the  St.  John's  River. 

From  the  west  it  is  only  twenty-six  miles  farther  by  rail  to  Fernandina, 
where  an  excellent  harbor  exists  and  no  improvements  are  necessary, 
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than  it  is  to  Jacksonville.    The  harbor  of  Fernandina  is  accessible  to 
vessels  drawing  eighteen  feet  of  water. 

The  expenditure  of  from  $750,000  to  $1,000,000  in  the  construction  of 
a  ship-channel  or  canal  from  the  St.  John's  River  to  Fernandina  would 
doubtless  also  render  the  St.  John's  accessible  to  ocean-going  vessels  of 
sufficient  capacity  to  transport  their  cargoes  at  low  rates. 

The  distance  from  Fernandina  to  Jacksonville,  along  the  route  gen- 
erally conceded  to  be  the  best  for  a  canal,  is  fifty-two  miles,  of  whicli 
twenty-two  miles  would  be  the  St.  John's  River  itself,  improved  at  cer- 
tain points,  and  twenty-six  miles  the  existing  inside  passage  consider- 
ably improved  by  widening,  deepening,  and  straightening  at  sundry 
points. 

The  balance  of  four  miles  would  be  made  up  of  artificial  channels  ex- 
cavated through  the  marshes  and  low-lands,  at  such  places  and  in  such 
directions  as  would  result  in  the  greatest  reduction  in  the  length  of  the 
line. 

I  have  never  been  an  advocate  for  jetties  at  the  mouth  of  the  St.  John's 
Eiver,  having  no  confidence  in  the  practicability  of  their  construction 
and  maintenance  at  a  reasonable  cost,  and  no  belief  in  either  the  cer- 
tainty or  the  magnitude  of  the  benefit  to  be  derived  from  them.  Upon 
these  points  I  am  not  able  to  form  any  judgment  upon  whi<*h  I  am  will- 
ing to  rely  myself,  much  leas  to  advance  or  recommend  officially. 

It  would  seem,  therefore,  that  the  question  which  presents  itself  for 
solution  in  this  connection  is  whether  the  United  States  shall  construct 
and  maintain  permanent  works  of  improvement  at  an  original  outlay  of 
"nearly,  if  not  quite,  $1,000,000,  in  order  that  the  trifling  difference  be- 
tween the  cost  of  twenty-six  miles  of  railroad  transportation  and  fifty- 
two  miles'  carriage  by  water  may  be  saved  to  the  producers  located 
within  a  very  restricted  area  of  country.  I  am  not  prepared  to  advocate 
such  a  policy. 

Assuming,  therefore,  that  the  General  Government  will  not  deem  it 
expedient  to  enlarge  into  a  ship-channel  for  large  ocean  going  vessels  the 
present  inland  passage  between  Fernandina  and  St.  John's  River,  the 
next  question  is  whether  any  expenditure  at  all  can  be  wisely  made 
upon  that  route. 

The  passage  is  at  the  present  time  navigable  for  small  steamers  and. 
is  used  by  them  constantly. 

A  survey  or  examination  of  that  portion  of  this  line  south  of  Nassau 
Inlet,  was  provided  for  by  the  act  of  Congress  approved  June  23,  1874, 
and  the  appropriation  of  $10,0(K)  by  the  same  act,  for  the  improvement 
of  the  bar  at  the  mouth  ot  the  St.  John's  River,  was  made  applicable  to 
the  improvement  of  this  passage. 

From  my  knowledge  of  this  channel,  derived  from  pilots  and  masters 
of  vessels,  and  the  necessity  for  its  constant  use  by  small  steamers  plying 
between  Savannah  and  Jacksonville,  for  the  accommodation  of  towns 
and  planters  along  the  route,  I  deem  its  improvement  to  a  limited  ex- 
tent by  the  United  States,  to  be  entirely  legitimate  and  proper.  It  will 
doubtless  be  found  expedient  and  desirable  to  continue  it«  improve- 
ment from  time  to  time,  until  it  is  brought  to  such  condition  that  all  the 
river-craft  plying  upon  the  St.  John's  River  above  Jacksonville  caii 
reach  Fernandina  and  discharge  and  receive  cargoes  at  that  point. 
The  commerce  of  the  St.  John's  is  steadily  increasing  in  magnitude 
and  importance,  and  the  amount  of  freight  brought  down  the  stream 
and  arriving  at  Jacksonville  by  rail,  for  transshix)ment  to  foreign  or  do- 
mestic ports,  is  by  no  means  inconsiderable. 

At  the  present  time  it  has  to  be  exported  in  small  vessels,  upon  which 
the  freight-charges  are  comparatively  high.    The  freight  aKiivinff.  by 
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rail  can,  of  course,  avoid  this  by  ^oiug  to  Fernaiulina,  but  is  to  a  large 
extent  prevented  taking  that  direction  by  local  competition  and  jealousy. 

The  natural  and  proper  port  tor  the  8hii)ment  of  all  freight  arriving 
in  East  Florida,  by  either  the  Jacksonville,  Pensacolaand  Mobile,  or  by 
the  Florida  Railroad,  and  seeking  transportation  in  large  vessels,, 
is  Fernandina,  and  the  inside  passage  should  be  enlarged  to  such  degree 
that  the  St.  John's  River  boats  and  barges  can  deliver  their  cargoes 
at  this  point  in  all  cases  when  the  shipment  by  small  vessels  arriving 
and  departing  by  way  of  the  St.  John's  Bar  is  deemed  relatively  disad- 
vantageous. 

I  doubt  the  wisdom  of  expending  any  more  money  upon  the  bar  at  the 
mouth  of  the  St.  John's  River. 

As  soon  as  practicable  after  the  survey  of  the  inside  passage  provided 
for  at  the  last  session  of  Congress  shall  have  been  completed,  a  project 
for  it«  improvement  will  be  submitted,  with  estimates  of  its  cost. 

The  amount  appropriated  for  the  fiscal  year  ending  June  30,  1875,  is 
910,000,  which  can  be  applied  to  continuing  the  work  on  the  bar,  or  to 
dredging  out  the  inside  passage  between  the  St.  John's  River  and  Nas- 
sau Inlet. 

I  recommend  for  the  fiscal  year  ending  June  30, 1876,  an  appropriation., 
of  $15,000,  to  be  applied  to  such  improvement  of  the  inside  passage  re- 
ferred to  as  the  contemplated  survey  may  show  to  be  feasible  and  desir- 
able, or  in  the  event  of  the  impracticabihty  of  any  improvement  of  this 
passage  at  a  reasonable  cost  to  be  used  upon  the  bar. 

•  Financial  statement 

Balance  in  Treasury  of  United  States  July  1, 1873 $10, 000  00 

Deduct  amount  exi)€nded  duriujj^  the  fiscal  year  ending  June  30, 1874 77  63 

Amonut  appropriated  by  act  approved  Juue  'ZHy  1874 10, 000  00 

Amount  expended  during  fiscal  year  ending  June  30, 1874 9, 922  37 

Amount  available  July  1, 1874 10,000  00 

Amount  required  for  the  fiscal  year  ending  June  30, 1876 15, 000  00 


T4. 
OPERATIONS  OF  UNITED   STATES  DREDGING- STEAMER  HENRY  BURDEN. 

United  States  PjNGineer  Office, 

New  York,  August  3,  1874. 

General:  I  have  the  honor  to  submit  below  a  brief  statement  of  the 
operations  of  the  United  States  dredging-steamer  Henry  Burden  for  the 
fiscal  year  ending  June  30, 1874,  as  supplementary  to  my  annual  reports 
upon  the  river  and  harbor  improvements  under  my  charge. 

As  previously  described,  the  Henry  Burden  is  a  small  side-wheel 
steamer,  fitted  ny)  with  a  9-inch  centrifugal  pump,  two  branches  of  6-inch 
8Uction-hose,  and  timber  bins  with  sliding  gates  on  deck  for  holding  the 
materials  raised  from  the  bottom. 

The  pump-engine  is  connected  with  the  steamer's  boiler.  The  mate- 
rials pumped  up  from  the  bottom  are  washed  overboard  at  the  dumi)ing 
ground  by  running  the  pum|)  in  clear  water. 

The  steamer  was  purchased  under  authority  from  the  War  Depart- 
ment, and  taken  possession  of  on  the  20th  of  August,  1873.  The 
dredging-apparatus  had  been  placed  on  board  two  years  before,  while 
the  vessel  was  under  charter  to  the  United  States. 

The  steamer  sailed  from  New  York  on  the  27th  of  August  and  reached 
Savannah  on  the  30th,  making  the  passage  in  eighty  hours,  during  which . 
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she  encountered  a  storm  wbich  thoroughly  tested  and  proved  her  sea- 
worthiness. 

During  the  early  part  of  the  month  of  September  she  was  engaged  in 
experimental  work  at  different  points  of  the  Savannah  Kiver  upon  the 
various  kinds  of  materials,  such  as  sand,  mud,  and  a  ifiixture  of  the  two, 
composing  the  bars  and  shoals  in  that  stream,  that  required  removal. 

•While  engaged  in  these  trials  the  crew  became  so  disabled  by  malarial 
fever  that  it  was  deemed  expedient  to  defer  all  dredging-operatioiis  upon 
the  Savannah  Kiver,  except  those  carried  on  by  the  contractor,  until 
the  sickly  season  had  passed. 

The  steamer  was  therefore  ordered  to  the  bar  at  the  mouth  of  the  St. 
John's  River,  Florida,  where  dredging  was  commenced  on  the  29th  of 
September,  and  continued  until  the  appropriation  was  exhausted  on  the 
10th  of  January,  1874. 

Owing  to  excei)tionally  bad  and  foggy  weather — the  season  being  de- 
scribed by  pilots  as  the  most  inclement  known  in  the  locality  for  thirty 
years — only  fifty-seven  working-days,  averaging  five  hours  each,  were 
secured.  In  this  time  14,649  cubic  yards  of  sand  was  raised  from  the 
bar  and  dumped  in  deep  water,  or  about  51J  cubic  yards  per  hour. 

The  cost  of  this  dredging  per  year,  as  compared  with  the  cost  during 
two  previous  years,  while  the  vessel  was  under  charter,  is  shown  in  the 
following  table : 


Least  cost  dnrinj?  any  one  day,  per  cubic  yard 

LeaHt  coHt  daring  any  one  week,  per  cable  yard. . 
Least  cost  during  any  one  month,  per  cubic  yartl . 
Average  cost  for  the  entire  period 


1873-'74. 


10  8  410 
14  1-8 
16 
26  5-7 


These  figures  cover  all  current  expenses  for  superintendence,  wages, 
and  subsistence  of  officers  and  crew,  (twelve  persons  in  all,)  fuel,  repairs, 
and  supplies. 

From  these  results,  obtained  during  a  short  season  of  almost  unex- 
ampled inclemency,  1  judge  that,  even  in  so  exposed  a  position  as  the 
St.  John's  Bar,  the  Henry  Burden,  taking  one  year  with  another,  can 
remove  upward  of  80,000  cubic  yards  of  material  per  year,  at  a  cost  not 
mucli,  if  at  all,  exceeding  20  cents  per  cubic  yard. 

On  the  15th  of  January  the  steamer  was  transferred  to  the  Savannah 
River,  and  dredging  was  commenced  on  the  shoal  known  as  the  ''  Knoll," 
northeast  of  Fort  Pulaski,  and  continued  until  the  end  of  the  fiscal  year. 
Twenty-one  days  were  lost  on  account  of  bad  weather,  trips  to  Savannah 
for  fuel,  &c.,  and  no  work  was  done  on  Sundays,  leaving  one  hundred 
and  twenty-two  working-days,  of  eight  and  a  half  hours  average  duration 
each.  This  includes  the  time  occupied  in  going  to  the  shoal  in  the 
morning  and  returning  in  the  evening. 

During  this  period  45,607  cubic  yards  of  materials  were  removed  and 
deposited  at  the  dumping-grounds,  equal  to  about  47  yards  per  hour 
during  the  hours  occupied  in  work. 

The  niaterial  removed,  after  getting  below  about  6  inches  of  crust, 
composed  of  sand  and  loam,  is  nearly  pure  sand.  The  capacity  of  the 
steamer,  therefore,  working  in  such  materials,  is  about  100,000  cubic  yards 
per  year.  The  cost  is  less  than  20  cents  per  cubic  yard,  as  shown  by 
the  following  analysis : 

The  least  cost  during  any  one  day  was  19^  cents  per  cubic  yard. 

The  lea«t  cost  during  any  one  week  was  13  cents  per  cubic  yard. 

The  least  cost  during  any  one  month  was  15  cents  i>er  cubic  yard. 

The  average  cost  for  the  entire  period,  &}  months,  was  19/^  cents  per  oubic  yard. 
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The  foregoing  figures  cover  all  expenses  for  superintendence,  wages, 
fuel,  &c.,  as  in  the  case  of  the  St.  John's  River  Bar.  The  cost  could  be 
reduced  at  least  20  per  cent,  to  25  per  cent,  if  favorable  arrangements 
could  be  made  for  purchasing  wood  delivered  at  the  Fort  PuUiski  wharf. 
At  present,  the  steamer  is  obliged  to  use  coal,  a  much  more  expensive 
fuel  than  wood,  and  has  to  go  to  Savannah  for  it,  thereby  causing  con- 
siderable additional  expense. 

From  August  20,  1873,  to  June  30,  1874,  ten  and  one  third  months, 
the  expenses  of  the  steamer  have  been  as  follows : 

Cost  of  steamer ^6,0()0  00 

Alteration  and  repairs  and  expenses  of  delivering  vessel  at  Sa- 
vannah         1,439  53 

$27,439  53 

Running  expenses : 

Superintendent  and  crew 8, 88G '66 

Fael 3,911  61 

Engineers'  and  steamers'  supplies  and  repair  of  vessel : . . .  596  17 

Engineers'  supplies  and  repair  of  pump-machinery 901  35 

14,295  79 

Total 41,735  32 

Cost  of  vessel  10^  months  under  contract 30, 380  00 

Cost  of  vessel  10^^  months  under  Government  ownership 14, 295  79 

Amount  saved  to  the  United  States  in  10^^  months  by  present  arrangement.     16, 084  21 

The  cost  to  the  United  States  since  the  purchase  of  the  steamer,  as 
compared  with  the  cost  under  the  contract,  is  shown  to  be  over  $16,000 
less,  or  a  monthly  saving  of  about  $1,560,  At  the  same  rate  the  entire 
cost  of  the  steamer  will  be  saved  to  the  Government  in  nine  months  from 
July  1,  as  below  : 

Original  coat  of  steamer |26,000  OO 

Add  ordinary  wear  and  tear  19^  months,  at  10  per  cent,  per  annum . . . : 4, 200  00 

Total 30,200  OO 

Average  monthly  saving,  $1,560  per  month,  19^  months 30, 160  00 

Calculating  the  cost  of  the  dredging  done  by  the  Burden  on  the  Sa- 
vannah River  at  75  cents  per  yard,  the  lowest  bid  ever  received  after 
advertising  for  proposals,  and  the  price  paid  the  city  of  Savannah,  and 
the  cost  of  dredging  on  the  St.  John's  River  at  the  rate  paid  when  under 
charter,  it  may  be  said  that  the  vessel  has  already  more  than  paid  for 
herself. 

Cost  of  dredging  Savannah  River,  45,607  yards,  at  75  cents  per  yard $34, 205  25 

Cost  of  dredging  on  St.  John's  River  under  charter 10, 000  00 

44, 205  25 

Totalcostofsteamer  to  June30, 1874 41,735  52 

Very  respectfully,  your  obedient  servant, 

Q.  A.   GiLLMOBE, 

Limteiiant-  Colonel  of  Engineers^ 

Brevet  Major-Oeneral,  U,  8.  A. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  EuffineerSy  (7.  S.  A. 
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APPENDIX  U. 

ANNUAL  REPORT  OF   MAJOR  WM.  P.  CRAIGHILL,   CORPS 
■^    OF  ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE 
30,  1874. 

United  States  Engineer  Office, 

Baltimore^  Md.,  August  11,  1874. 
General  :  I  have  the  honor  to  transmit  herewith  the  annual  report 
for  the  year  ending  June  30,  1874,  for  works  of  improvement  of  rivers 
and  harbors,  and  of  examinations  and  surveys  therefor,  which  have  been 
in  my  charge. 

As  far  as  possible  the  usual  commercial  statistics  have  been  obtained. 
Where  they  are  not  appended  they  have  not  been  supplied  by  the  proper 
officials,  although  in  all  cases  they  have  been  asked  for. 
Very  respectfully,  your  obedient  servant, 

Wm.  p.  Craighill, 


Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  8.  A. 


Major  of  Engineers^  U.  8.  A. 


U  I. 


mPROVEMENT  OF  THE  SUSQUEHANNA  RIVER  NEAR  HAVRE  DE  GRACE, 

MARYLAND. 

The  old  wooden  deflector  has  continued  to  stand  as  well  as  could  be  ex- 
pected, and,  according  to  the  testimony  of  persons  navigating  the  river, 
has  been  fulfilling  its  object  of  concentrating  the  flow  of  the  water  below 
the  bridge  and  maintaining  a  better  depth  in  the  channel  over  the  shoals 
below  Havre  de  Grace. 

It  has  not  been  possible,  for  want  of  funds,  to  make  a  survey  of  the 
locality. 

The  deflector  wa«  seriously  injured  and  breached,  by  the  extraordi- 
nary ice-gorge  of  March,  1873.  A  small  amount  of  money,  as  much  as 
was  available,  has  been  expended  in  closing  the  breach,  as  far  as  prac- 
ticable, by  sinking  old  hulks,  (canal-boats,)  twelve  in  number,  flUed  with 
stone.  This  expedient,  which  has  proved  successful,  has  been  found 
cheap,  owing  to  the  nearness  of  the  canal  debouching  near  that  point, 
as  well  as  of  the  quarries  at  Port  Deposit. 

It  is  believed  there  can  be  no  reasonable  doubt  of  the  advantageous 
influence  of  the  work  already  built  there,  and  the  opinion  is  still  held 
that  it  should  be  replaced  by  a  permanent  structure  which  might  be 
built  for  $50,000. 

The  imi)rovement  is  in  the  colled  ion -district  of  Baltimore,  which  is  the  nearest  port 
of  entry.  It  extends  from  opposite  Point  Concord  light  to  Spesutie  Island.  The 
tra<le  between  Baltimore,  Philadelphia,  and  New  York,  with  the  valley  of  the  Susque- 
hanna to  near  its  hea<l,  is  greatly  interested  in  this  work.  The  amount  of  this  trade  is 
large  bnt  cannot  be  accurately  ascertained. 

Amount  required  for  the  fiscal  year  ending  June  30,  1876,  $50,000. 


U    2. 

IMPROVEMENT  OF  NORTHEAST  RIVER,  MARYLAND. 

Nothing  has  been  done  at  this  place  since  April,  1873,  when  Morris  & 
Cumings   completed  their  dredging.     The  results  of  tl^k^op^ations 
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were  the  following:  a  cbanuel  60  feet  wide  at  bottom,  with  a  ruling 
depth  of  5  feet  at  mean  low-water,  leading  from  the  5-foot  curve  in  the 
Ifortheast  liiver,  to  the  wharf  at  Northeast;  a  basin  about  120  feet  long 
and  120  feet  wide  in  front  of  the  wharf;  and  a  channel  25  feefc  wide  Jind 
3  feet  dee])  at  low-water,  leading  from  the  wharf  to  Alexander's  mill. 

A  special  report  was  made  May  28,  1873,  accompanied  by  a  sketch, 
which  showed  the  condition  of  the  channels  at  that  time.  No  money  has 
been  since  available  for  an  examination  of  the  channels.  The  effect  of 
the  improvement  has  been  to  increase  the  trade  of  the  town  and  enable 
a  steamer  to  run  rejiularly  between  it  and  Baltimore,  as  well  as  sailing- 
vessels  to  aid  in  the  trade. 

Northeast  is  in  the  collection-district  of  Baltimore,  which  is  also  the  nearest  port  of 
entr>'. 

It  was  estimated  this  improvement  w^ould  cost  $10,000,  the  whole  of 
which  was  appropriated  in  one  sum  and  the  work  done  for  it.  No  more 
money  is  now  required.  It  is  not  improbable  some  filling  may  here- 
after gradually  take  place  where  Stony  Run  empties  into  the  channel. 
In  time  of  freshets  more  or  less  sediment  will  be  necessarily  deposited 
from  that  stream. 

Financial  statement. 

Amount  in  hands  of  officer  and  subject  to  his  check $2  74 

Amount  expended  during  the  fiscal  year  ending  June  30,  1874 2  74 


U  3. 
IMPROVEMENT  OF  ELK  RIVER  BELOW  ELKTON,  MARYLAND. 

An  examinfition  of  this  river  was  made  in  January,  1873,  and  a  pre- 
liminary report,  with  an  approximate  estimate  of  the  cost  of  the  im- 
provement, was  submitted  in  reply  to  a  call  for  iuforination  from  the 
Senate  Committee  on  Commerce,  which  was  printed  in  H.  li.  Ex.  Doc. 
Ko.  124,  March  24,  1873.  (See,  also,  pp.  77  and  815  of  Report  of  Chief 
of  Engineers  for  1873.) 

The  estimates  of  the  cost  of  improvement  now  presented  are  based  upon 
a  more  minute  survey  of  the  locality  made  in  October,  1873.  (See  pp. 
4  and  63  of  H.  li.  PjX.  Doc.  No.  84,  43d  Congress,  1st  session.) 

The  improvement  proposed  was  to  make,  by  dredging  a  channel  of  6 
feet  in  depth  at  low-water,  or  8  feet  at  high-water,  from  Cedar  Point  to 
Elkton,  and  in  the  Little  Elk  as  far  as  Bennett's  wharf.  Such  a  channel 
in  both  branches  of  the  river,  if  75  feet  wide,  will  cost  about  $36,000; 
and  if  but  50  feet  in  width,  $25,000.  Cheap  dikes  will  be  required  for 
regulating  the  banks,  and  to  provide  a  place  behind  which  to  place  .the 
material  dredged. 

An  appropriation  of  $5,000  was  made  by  the  act  of  June  23,  1874, 
which  will  be  expended  at  the  worst  place,  viz:  near  Elkton,  between 
the  first  and  second  guts,  where  the  bar  is  nearly  dry  at  low-water.  A 
cheap  dike  will  be  built,  about  900  feet  long,  on  the  right  bank  of  the 
river,  opposite  the  mouth  of  the  first  and  second  guts,  above  and  below 
them,  at  a  cost,  it  is  estimated,  of  about  $2,000,  The  remainder  of  the 
small  appropriation  will  be  spent  in  dredging  and  depositing  the  ma- 
terial behind  the  dike.  The  channel  can  be  probably  made  50  feet  wide. 
The  depth  will  depend  on  the  price  per  cubic  yard  at  which  the  work 
can  be  done. 
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It  is  deemed  proper  to  call  special  attention  to  the  following  quotation 
from  the  report  of  November  18,  1873: 

Should  it  be  decided  by  Congress  to  appropriate  for  this  work,  it  is  a  case  where  true 
economy  requires  the  whole  amount  to  be  available  iu  one  sum,  for  c<mtiuuou8  and 
prompt  expenditure.  It  would  not  be  expedient  to  commence  the  improvement  unless 
at  least  $20,000  were  available. 

To  this  it  may  be  a<lded  that  if  the  work  is  to  be  carried  through  with 
inadequate  appropriations,  the  cost  will  unquestionably  be  more  than 
the  amount  of  the  original  estimate. 

Elkton  is  situated  in  the  collection -district  of  Baltimore,  which  is  also  the  nearest  port 
of  entry. 

Financial  statement. 

Amount  approx>riated  by  act  approved  June  23. 1874 $5, 000  00 

Amount  available  July  1, 1874 5,000  00 

Amount  required  for  the  fiscal  year  ending  June  30, 1876 20, 000  00 


U4. 

IMPROVEMENT  OF  WORTON  HARBOR,   MARYLAND. 

Nothing  was  done  in  the  year  past  except,  in  July,  1873,  to  drive  a 
few  guidepi^es  to  aid  in  the  navigation  of  the  channel,  the  dredging  of 
which  was  completed  the  previous  month.  A  channel  100  feet  wide  at 
bottom  was  made,  connecting  the  wharves  in  use  with  deep  water  of  the 
creek.  A  basin  was  also  excavated  at  the  head  of  navigation,  about  150 
feet  long,  and  of  the  same  width. 

The  estimate  for  this  improvement  was  $12,000,  which  was  appropri- 
ated in  one  sum,  and  the  work  was  finishe<l  in  one  season.  !N^o  more 
money  is  required. 

Worton  Creek  is  in  the  collection-district  of  Baltimore,  which  is  also  the  nearest  port 
of  entry. 

Financial  statement. 

Anaount  in  hands  of  oflScer  and  subji'ct  to  his  check S222  85 

Amount  expended  during  the  fiscal  year  ending  June  30,  1874 t22  85 


U5. 
IMPROVEMENT  OF  QUEENSTOWN  HARBOR,  MARYLAND. 

Nothing  has  been  done  at  this  pla<5e  since  December,  1872,  when  work 
ceased  npon  the  exhaustion  of  the  appropriation,  and  the  excavation  of 
a  channel  from  the  town  to  Chester  Kiver  at  the  mouth  of  the  creek. 
This  channel  was  100  feet  wide  at  the  bottom,  and  about  8  feet  deep  at 
low- water.  The  work  is  stated  by  those  interested  to  have  been  of  great 
value  to  the  trade  of  the  plac^e. 

Queen8t«wn  is  in  the  collection-district  of  Baltimore,  which  is  also  the  nearest  port 
of  entry. 

The  estimated  cost  of  this  work  was  §9,500;  the  appropriations  were,  March  3,  1871. 
JB.5,(K)0  ;  Jane  10,  187-2,  8^,000  ;  total,  ig;l  1,000. 

If  the  whole  amount  of  the  estimate  had  been  given  in  one  sum,  and 
the  operations  not  interrupted  between  the  expenditure  of  one  appro- 
priation and  the  grant  of  another,  the  cost  would  not  have  exceeded  the 
estimate. 

No  further  appropriations  required. 
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IMPROVEMENT  OF  CHESTER  RIVER,  AT  KENT  ISLAND  NARROWS,  MARY- 
LAND, 

A  sarvey  of  this  locality  was  made  in  October,  1872,  and  a  report 
submitted/  It  was  estimated  that,  to  excavate  a  channel  from  Bastern 
Bay  to  Chester  Eiver  100  feet  in  width,  would  cost  $23,000,  if  7  feet 
deep  at  mean  low- water. 

An  appropriation  of  815^000  was  made  March  3, 1873.  Some  legal 
question  having  arisen  as  to  the  right  of  the  United  States,  in  the  prog- 
ress of  the  work,  to  remove  a  causeway,  which  has  b3eu  standing, 
under  the  authority  of  the  State  of  Maryland,  for  more  than  fifty  years, 
across  the  channel  separating  Kent  Island  from  the  mainland,  it  was 
decided  by  the  Secretary  of  War,  after  consulting  the  Attorney-General 
of  the  United  States,  to  defer  operations  until  the  laws  of  the  State 
relating  to  the  subject  should  be  repealed  or  proi)erly  modified. 

By  an  aet  approved  April  11.  1874,  the  State  of  Maryland  assented 
to  the  removal  of  the  causeway,  but  with  the  provision  that,  '*  before  the 
said  causeway  shall  be  cut  or  opened,  there  shall  be  built  a  bridge,^  with 
a  draw  of  not  less  than  60  feet  in  width.  In  consideration  of  this  pro- 
vision the  Secretary  of  War  decided,  further,  that  the  improvement  would 
not  be  begun  until  the  bridge  was  built,  when  the  causeway  could  be 
removed  and  the  dredging  of  the  channel  be  done  at  the  same  time. 
The  money  available  may  thus  be  most  advantageously  and  economically 
expended. 

A  further  appropriation  of  $5,000  was  contained  in  the  act  of  June 
23, 1874,  making  a  total  of  $20,000. 

To  complete  the  estimate  the  sum  of  $3,000  is  required. 

This  locality  is  in  the  collection-district  of  Baltimore,  which  is  also  the  nearest  port 
of  entry. 

Finanddl  statement 

Balance  in  Treasury  of  United  States  Jalyl,  1873 |15,000 

Amoaut  appropriated  by  act  approved  June  23,  1874 5,  OQO 

Amoaut  available  July  1, 1874 20,000 

Amount  required  for  the  fiscal  year  ending  June  30, 1876 5, 000 


U  7. 
IMPROVEMENT  OP  THE  HARBOR  OP  BALTIMORE,  MARYLAND. 

The  object  of  this  work  has  been  to  make  a  channel  24  feet  deep  at 
mean  low -water,  for  the  approach  of  vessels  drawing  22  J  or  23  feet,  to 
the  city  of  Baltimore,  at  any  ordinary  stage  of  tide. 

On  the  30th  of  Jane,  1873,  the  United  States  contractors  were  en- 
gaged in  the  Craighill  Channel  and  the  Fort  McHenry  Channel,  while 
other  contractors,  under  the  Patapsco  River  Improvement  Board,  were 
excavating  in  the  Brewerton  Channel — all  under  the  supervision  of  the 
United  States  engineer.  Operations  were  vigorously  prosecuted  in  all 
three  divisions  of  the  channel,  and  by  January  1, 1874,  the  channel  wa6 
available  for  use.  The  contracts  were  completed  about  May  1, 1874. 
Daring  June,  1874,  a  thorough  resurvey  of  all  the  cliauuels  showed 
them  to  be  generally  in  excellent  condition,  though  still  requiring  ad- 
ditional work  to  bring  them  to  completion.  Attention  is  requested  to  the 
appended  communication  to  the  Patapsco  Kiver  Improvement  Board^ 
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Tvbich  contaiDS  a  historical  sketch  of  the  improvement  and  the  interest- 
ing facts  connected  with  it. 

It  is  obvious,  as  stated  in  previous  reports,  that  this  channel  will  require 
repairs  and  supervision  to  keep  it  in  condition  for  use,  as  is  the  case 
with  all  artificial  highways,  such  as  railways,  canals,  or  ordinary  roads. 
This  channel  is  nothing  bui  a  canal  in  the  middle  of  a  river.  It  has 
been  estimated  that  the  sum  of  850,000  will  be  needed  every  year  after 
its  completion  for  such  repairs  as  will  be  required  for  the  constant  coun- 
teraction by  man  of  the  tendency  of  nature  to  bring  portions  of  the 
channels  back  to  their  normal  depth,  in  some  parts  not  greater  than  17 
feet.  The  necessity  of  properly  regulating  the  port-warden's  lines,  to 
which  previous  reports  have  called  attention,  is  still  pressing,  both 
within  and  without  the  limits  of  the  city. 

The  interests  to  be  affected  b}'  this  improvement  embrace  a  large  area 
in  the  southern,  western,  and  northwestern  sections  ot  the  country,  for 
wiiich  Baltimore  is  rapidly  coming  to  be  regarded  as  a  great  commer- 
cial center. 

The  estimate  for  this  improvemeDt  was  $760, 000. 

Of  this  amount  the  city  or  Baltimore  has  supplied,  in  1872  and  1873 $350, 000 

Congress  has  appropriated  $375, 000.  as  follows : 

June  10, 1872 100,000 

March  3, 1873 , 200,000 

June  23,  1874 75,000 

Total  by  city  and  Conf(res8 725,000 

Had  this  whole  sum  been  at  once  available,  the  work  would  have  been 
completed  for  that  amount.  Suspension  of  operations  from  want  of 
funds  and  changes  of  contractors  necessarily  make  work  cost  more  than 
if  the  operations  are  continuous  and  actively  carried  on  throughout  by 
the  same  parties.  For  the  annual  reparations  needed  in  this  improve- 
ment there  should  be  provided  $50,000.  For  1873  and  1874  this  sum 
w^as,  in  each  year,  necessarily  taken  from  the  funds  appropriated,  and 
so  it  must  be  in  1875 ;  and  hence,  to  bring  the  work  to  completion,  we 
should  have  at  once  $150,000+S35,000,  to  fill  the  original  estimate 
These  together  make  8185,000.  To  provide  still  further  for  the  repairs 
of  1876  we  should  have  $o0,000  more,  or  a  total  of  $235,000  for  the  year 
ending  June  30, 1876. 

Financial  statement 

Balance  in  Treasury  of  Unit^  States  July  1, 1873 $200,000  00 

Amount  in  hands  of  officer  and  subject  to  his  check 6,913  5^ 

Amount  appropriated  by  act  approved  June  23,  1874 75, 000  00 

Amount  expended  during  the  fiscal  year  ending  June  30, 1874 200, 306  07 

Amount  available  July  1, 1874 75,607  51 

Amount  required  for  the  fiscal  year  ending  June  30, 1876 235, 000  00 


Communication  of  Major  Craighill  to  tlie  Patapsco  River  Improvement 

Board, 

Baltimore,  Md.,  </t^ite  26, 1874. 
Hon.  Joshua  VoMant,  Mayor  of  Baltimore;  Mr.  Jl  Wi  Garrett,  President  Baltimore  and 

Ohio  Railroad;  Mr.  J.  H,  Fleasante,  President  Board  of  Trade;  composing  Patapsco 

Kivtr  Improvement  Board : 

Gentlkmbn  :  It  is  my  agreeable  duty  to  announce  to  you,  as  the  representatives  of 
the  interests  of  the  city  ot  Baltimore  m  the  matter,  the  practical  completion  of  the 
TTork  undertaken  for  the  improvement  of  the  ship-channels  connecting  your  city  with 
the  deep  waters  of  the  bay. 

Before  referring  to  the  present  condition  o£«  the  work,,  it  wiU  be  perhaps  interesting 
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to  review  its  past  history  to  some  exteot.  From  its  earliest  settlement,  Baltimore  has 
steadily  progressed  in  importance  as  a  commercial  entrepot  until  to-day,  when  her 
prospects  seem  more  brilliant  than  ever  before. 

HISTORY  OF  THE  IMPROVEMENT. 

Daring  the  earliest  period  of  this  era  of  progress,  owing  to  the  moderate  draught  of 
the  shipping  then  in  use,  there  was  no  difficulty  in  reaching  the  city  by  the  natural 
channels,  which  afforded  a  depth  of  from  16  to  18  feet  at  mean  low- water.  In  course 
of  time,  as  the  comparative  economy  of  transport  in  large  vessels  was  apparent  and 
admitted,  it  became  equally  evident  to  her  citizens  that  if  Baltimore  was  to  retain  and 
increase  her  European  trade  some  measures  must  be  adopted  for  obtaining  a  greater 
depth  of  water  in  the  ship-channels. 

It  has  not  been  found  practicable  to  ascertain  exactly  when  this  subject  was  first 
agitated  among  the  citizens,  but  we  find  that  in  1852  (nearly  a  fourth  of  a  century  ago) 
a  fact  giving  evidence  of  a  foresight  and  energy  which  her  recent  action  in  this  matter 
shows  has  not  deserted  her  people,  a  *'  Board  of  Commissioners  of  the  Patapsco  River 
Improvement''  was  in  existence,  consisting  of  Messrs.  Brune,  Leslie,  Cooper,  and  Brown. 
This  board  was  charged  with  the  expenditure  of  a  special  appropriation  of  ^,000, 
made  by  the  city,  together  with  a  portion  of  the  duties  levied  by  the  State  on  auction 
sales,  not  exceeding  f20,0(X)  per  annum,  which  was,  by  a  special  law,  transferred  to  the 
city  for  use  in  the  improvement  of  the  ship-channels. 

About  the  same  time  (1852)  an  appropriation  of  $20,000  was  made  by  Congress  for 
this  pnrpose,  and  Captain  (now  Colonel  and  Brevet  Brigadier-General)  Henry  Brewer- 
ton,  united  States  Corps  of  Engineers,  was  placed  in  charge  of  the  work,  with  instruc- 
tions to  prepare  and  submit  a  project  for  the  accomplishment  of  the  desired  ends. 

The  area  covered  by  this  proposed  improvement  naturally  arranged  itself  iu  two  di- 
visions :  the  upper,  commencing  at  Fort  McHenry  and  extending  one  and  a  half  miles  be- 
low Fort  Carroll,  was  six  miles  long,  and  had  an  average  natural  depth  of  from  lu  to  21 
feet  at  mean  low-water ;  the  lower  division,  extending  from  a  point  one  and  a  half  miles 
below  Fort  Carroll  to  the  entrance  buoy  of  the  old  snip-channel,  about  four  miles  be- 
3*ond  North  Point,  was  nine  miles  in  length,  with  an  average  depth  of  only  16  to  18 
feet  of  water. 

A  comparison  of  the  earliest  and  latest  hydrographic  surveys  showed  very  slicht 
changes  in  the  general  depths  and  condition  of  these  channels,  indicating  thereby  that 
the  nver,  and  portions  of  the  bay  adjacent  to  the  river's  month,  had  established  an 
equilibrium  between  the  forces  of  the  flowing  waters  and  the  resistances  of  the  banks 
and  bed;  and  that,  while  the  operation  of  natural  causes  would  always  tend  to  pre- 
serve and  restore  tnis  condition,  yet  it  would  necessarily  be  very  gradual  in  its  opera- 
tion, owing  to  the  feeble  currents  produced  by  the  small  rise  and  fall  of  the  tides,  the 
large  area  of  water-way,  and  the  iufrequency,  if  not  the  entire  absence,  of  sediment- 
bearing  freshets. 

Under  these  conditions,  it  was  evident  that  the  excavation  of  a  channel  of  the  re- 
quired dimensions  was  in  this  cast)  the  most  proper  and  economical  method  of  effecting 
the  improvement. 

THE  BREWERTON  CHANNEL. 

We  find  accordingly  that,  in  the  autumn  of  1852,  Captain  Brewerfon  recommended 
the  formation,  by  dredging,  of  a  channel  150  feet  wide  and  22  feet  deep  at  mean  low- 
water,  extending  in  a  direct  line  from  Fort  McHenry  to  a  point  one  and  a  half  miles 
below  Fort  Carroll,  and  thence  in  another  straight  line  a  distance  of  nine  miles  to  the 
old  ship-channel  entrance  buoy,  about  four  and  a  half  miles  beyond  North  Point.  He 
further  advised,  as  the  natural  depth  in  the  npper  division  was  so  superior  to  that  in 
the  lower,  (being  in  fact  nearly  as  great  as  was  then  thought  to  be  required,)  that  all 
operations  be  concentrated  in  the  lowes  division,  until  it  was  at  least  equal  in  effi- 
ciency to  the  npper.  It  may  be  well  here  to  state  that  this  recommendation  was  ap- 
prove aud  rigidly  adhered  to,  and  that  no  work  was  done  between  Forts  Carroll  and 
McHenry  until  the  spring  of  1873. 

The  dimensions  given  above  were  only  adopted  by  Captain  Brewerton  after  consul- 
tation with  the  Board  of  Commissioners,  pilots,  and  many  others  interested  in  the 
work.  Much  difference  of  opinion  prevailed  at  that  time  as  to  the  required  widths  aud 
depths,  bat  those  given  above  were  fifially  adopted  by  both  the  Government  and  city 
authorities  as  being  best  suited  to  the  eombinatiou  of  means  at  command  and  the 
requirements  of  navigation. 

As  the  result  of  a  conference  between  Captain  Brewerton  and  the  Board  of  Commis- 
sioners, a  joint  plan  of  action  was  adopted,  and  from  that  time  to  this,  the  two  parties 
have  worked  harmoniously  together  on  this  important  work,  generally  if  not  always 
in  accordance  with  the  plans  and  under  the  general  direction  of  the  officers  of  the  Gen- 
eral Government  who  have  successively  had  charge  of  the  operations  at  different 
times. 
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At  the  time  Captain  Brewerton  assumed  direction  of  this  work,  the  city  was  in  pos- 
nession  of  a  dredging-machine,  said  to  have  cost  $70,000,  which  was  then  operating 
about  the  wharves.  The  style  and  ultimate  fate  of  this  costly  machine  are  involved 
in  obscurity,  but  it  seems  never  to  have  worked  on  the  river  improvement  proper. 

After  an  exhaustive  examination  of  the  varioas  kinds  of  dredging-machines  then  in 
use.  Captain  Brewerton  then  recommended  the  adoption  of  the  Osgood  patent,  as  then 
constructed  by  Mr.  A.  B.  Cooley,  of  Philadelphia,  as  being  the  best  adapted  to  the 
execution  of  this  particular  work. 

In  accordance  with  this  recommendation,  the  commissioners  ordered  one  dredge  of 
this  gentleman  in  December,  1652,  and  another  was  contracted  for  by  Captain  Brew  - 
erton  for  the  United  States  in  the  following  April,  1853. 

In  October,  1853,  operations  were  commenced  under  Captain  Brewerton's  supervision 
on  the  line  of  the  new  channel  by  the  city  and  United  States,  with  a  force  of  one  dredge 
each.  Owing  to  the  superior  and  nearly  sufficient  depth  in  the  channel  above  Fort 
Carroll,  it  had  been  determined  (as  previously  stated)  to  coniine  operations  first 
to  the  completion  of  the  lower  division  of  the  channel,  and  accordingly  these  dredges 
commenced  work  at  the  angle  below  Fort  Carroll.  Operations  were  continued  by  the 
two  dredges  until  £)ecember  17, 1853.  They  resumed  work  in  May,  1854,  and  in  July  a 
second  dredge  was  added  to  the  city  force,  the  three  dredges  working  thence  until 
December  2, 1854. 

OperatioDs  were  resumed  with  the  same  force  in  May,  1855,  and  continued  until 
January,  1856,  when  a  cessation  became  necessary  for  repairs,  work  being  recommenced 
in  May  following. 

During  this  year  Congress  appropriated  $100,000  additional,  and  in  the  fall  two  more 
dredges  and  a  tug-boat  were  contracted  for  by  Captain  Brewerton,  which  joined  the 
force  already  at  work  on  the  channel  in  May,  1857,  making  a  total  of  five  dredging- 
machines  and  two  tug-boats,  each  dredge  having  four  scows  for  the  conveyance  of 
excavated  material  to  the  dumping  grounds  along  shore. 

The  dredges  were  removed  to  town  for  repairs,  &c.,  in  February,  1858,  returning  to 
the  work  in  March,  with  a  fourth  dredge  added  to  the  force  by  the  General  Govern- 
ment. In  September  of  this  year  (18.'>8)  the  Government  appropriation  became  ex- 
hausted, and  operations  on  the  part  of  the  United  States  were  suspended  by  Captain 
Brev  erton. 

One  of  the  dredging-machines  and  its  scows  was  lent  to  the  Board  of  Commissioners, 
who  continued  the  work  on  the  channel  during  the  remainder  of  the  season  of  1858, 
and  those  of  1859  and  1860.  The  improvement  of  the  ship-channel  ceased  from  this 
time  lor  six  years,  (until  1866.) 

At  the  time  that  operations  ceased  in  1860,  the  results  obtained  were  a  channel  150 
feet  wide,  and  about  22  feet  deep  at  mean  low-tide,  from  a  point  one  and  a  half  miles 
below  Fort  Carroll  to  a  point  just  beyond  North  Point,  about  four  and  a  half  miles  in 
length,  and  several  incomplete  cnt«  extending  a  ndle  or  two  below  ;  but  the  whole 
work  was  left  in  an  unfinished  and  incomplete  condition.  It  is  proper,  also,  to  remark 
here  that  from  the  cessation  of  operations  in  1860,  until  the  summer  of  1871,  the  amounts 
of  tbe  appropriations  were  so  small  that  little  more  could  be  done  than  holding  the  depth 
already  gained. 

The  original  estimate  for  this  channel  was  $390,000  00 

Expended  to  date  of  suspension : 

By  United  States i $120,000  00 

.By  city  and  State 184,317  06 

304, 317  06 

Balance  on  original  estimate 85,682  94 

This  division  of  the  improvement  was  at  this  time  named  by  the  Board  of  Commis- 
sioners the  '' Brewerton''  Channel,  and  as  it  has  been  known  from  that  time  by  this  name 
.  it  will  be  so  designated  hereinafter. 

THE  CRAIGHILL  CHANNEL. 

No  further  steps  were  taken  for  the  completion  of  this  work  until  1866,  when  the 

t  General  Government  having  appropriated  $15,200,  a  careful  resurvey  was  made,  under 

my  direction,  of  the  river  and  bay  below  Fort  Carroll,  which  developed  the  fact  that 

« the  action  of  the  tides  and  currents  coming  down  from  the  upper  bay  and  the  Susque- 

ihanna  bad  materially  injured  the  excavations  made  below  North  Point,  and  that  all 

.  the  lower  portion  of  the  original  line  eastward  of  Seven-Foot  Knoll  light  was  subject 

to  obstruction  by  fields  of  ice.    In  conseqnence,  a  new  location  was  made,  defiecting 

from  the  Brewerton  Channel  three-fourths  of  a  mile  below  Seven-Foot  Knoll  light, 

near  the  terminal  point  of  the  work  completed  previously,  and  running  thence  due 

south  toward  Sandy  Point  light.    On  this  line  a  channel  was  projected  ^ifOO  feet  wide 

and  22  feet  deep  at  mean  low- water. 
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The  dredges,  tbree  in  number,  with  their  complement  of  scows,  and  one  tug-boat 
having  been  pat  in  working  order,  commenced  operations  at  upper  end  of  the  new  cut 
south  from  the  Seven-Foot  Knoll,  and  were  continued  daring  the  successive  seasons  of 
1866, '67,  »68,  and '69. 

In  September,  1867, 1  was  succeeded  in  charge  of  the  work  by  Brevet  Major-General 
Parke,  msyor  of  Engineers,  who  carried  on  the  work  in  this  channel  until  May,  186>i, 
when  he  was  relieved  by  Brevet  Brigadier-General  Simpson,  colonel  of  Eugineers,  who 
in  November,  1869,  announced  the  due  south  channel  as  open  to  commerce,  200  feet 
wide  and  21  feet  deep,  and  that  the  Brewerton  Channel  had  been  re-opened  for  a  limited 
width  to  the  same  depth. 

Here  I  must  be  permitted  to  refer  to  a  matter  which  has  been  an  embarrassment  to 
me,  but  the  explanation  should  be  made,  and  perhaps  no  better  occasion  will  occur. 
My  name  has  been  given  to  the  new  or  lower  channel.  This  was  done  through  the 
courtesy  and  kind  deling  of  my  friend,  Gen.  J.  H.  Simpson,  Corps  of  Engineers,  with- 
out consultation  with  me. 

In  1870,  an  appropriation  having  been  made  by  Congress  of  842,900,  he  dredges,  tug, 
and  scows  were  thoroughly  repaired  and  set  to  work  in  the  Brewerton  Channel,  where 
they  continued  until  November. 

Daring  that  mouth  I  was  again  placed  in  charge.  During  this  winter  the  Govern- 
ment dredges  and  scows,  being  old  and  much  worn,  requiring  frequent  and  costly 
repairs,  were  sold,  and  the  work  was  thenceforth  parried  on  by  contract,  with  a  marked 
increase  in  rapidity  of  execution  and  an  equally  marked  decrease  in  cost. 

Fifty  thousand  dollars  having  been  appropriated  by  Cougress  in  March,  1871,  con- 
tracts made  with  Mr.  Brainard,  of  Albany,  N.  Y.,  and  Mr.  Dodge,  of  Fulton,  N.  Y.,  for 
the  removal  of  about  310,000  cubic  yards  of  material,  the  former  contractor  commenced 
work  in  July  in  the  Brewerton  Channel,  and  the  latter  in  the  same  channel  in  Septem- 
ber following.  The  work  also  actively  assisted  in  this  season  by  Captain  Cooper,  port 
warden,  with  two  dredges  belonging  to  the  city. 

In  the  spring  of  1872  Congress  appropriated  $100,000.  The  great  increase  in  the 
commercial  importance  of  Baltimore  since  the  late  civil  war,  and  the  great  develop- 
ment of  her  foreign-  trade,  especially  in  her  steamship  lines,  made  the  pressure  so  great 
for  more  rapid  progress  than  was  possible  by  the  use  of  the  Government  appropriations 
alone,  that  m  the  spring  of  this  year  (1872)  your  board  was  organized  by  the  city,  and 
$200,000  placed  at  your  disposal  for  immediate  application. 

The  availability  of  this  additional  amount  of  money  rendered  easy  the  execution  of 
the  work  in  a  much  more  energetic  and  satisfactory  manner  than  had  been  possible 
hitherto ;  the  fact  being  that  the  very  limited  amounts  previously  devoted  to  it  had  not 
much  more  than  sufficed  to  retain  from  year  to  year  the  advances  already  made,  and  to 
prevent  the  deterioration  which  natural  and  incidental  causes  necessarily  produce. 

It  also  rendered  possible  the  completion  of  the  improvement  on  a  much  larger 
8cale  than  originally  contemplated,  and  on  one  to  render  it  competent  to  meet  the 
requirements  of  to-day,  whicn  differed  so  greatly  from  those  existing  at  the  inception 
of  the  undertaking. 

It  had  been  perceived  for  several  years  previous  that  to  make  the  improvement  really 
efficient  it  would  be  necessary  to  increase  considerably  both  the  width  and  'depth  of 
the  proposed  channels.  This  had,  indeed,  been  recommended,  but  no  steps  taken  toward 
its  actual  consummation. 

During  this  spring,  however,  (1872,)  the  whole  project  was  revised,  and  the  channels 
marked  out  in  three  divisions,  of  dimensions  as  follows:  From  Fort  McHenry  to  the 
angle  below  Hawkins'  Point,  250  feet  wide,  24  feet  deep  at  mean  low- water;  thence  to 
angle  near  Seven-Foot  Knoll,  (Brewerton  Channel,)  same  dimensions ;  thence  due  south 
toward  Sandy  Point,  250  feet  wide,  through  softer  portions,  and  400  feet  through  oyster- 
beds  and  hard  lumps,  and  24  feet  deep  throughout. 

Early  in  the  summer  of  1872,  under  existing  contracts  for  nearly  :?00,000  cubic  yards 
on  the  part  of  the  General  Government,  and  for  450,000  on  the  part  of  your  board, 
operations  were  commenced  on  the  revised  project,  with  a  total  of  thirteen  dreiiges, 
three  of  them  being  of  the  clam-shell  type,  and  forming  altogether  probably  the  largest 
force  of  dredges  ever  employed  in  this  country  at  one  time  on  the  same  improvement. 
The  larger  portion  of  this  force  was  placed  at  work  on  the  northern  side  of  the  old 
Brewerton  Channel  to  excavate  the  additional  width  to  that  section  of  100  feet,  while 
three  dredges  were  engaged  on  the  lower  portion  of  the  Craighill  Channel. 

This  addition  to  the  Brewerton  Channel,  100  feet  wide,  24  feet  deep,  and  six  and 
three-quarters  miles  long,  was  completed  during  the  year  1872,  and  the  buoys  marking 
the  northern  edge  of  the  cut  were  moved  over  to  permit  the  unobstructed  use  of  the 
new  channel,  while  the  dredges  should  be  engaged  in  deepening  the  old  one. 

During  the  early  spring  ot  1873,  the  sum  of  $350,000  was  made  available,  the  Gene- 
ral Government  and  the  city  of  Baltimore  contributing  nearly  equal  portions.  Con- 
tracts were  entered  into  by  your  board  with  Messrs.  Morris  &  Cnramings  for  the  re- 
moval of  760,000  cubic  yards'of  material  (subsequently  increased  to  960,000  yards,)  and 
by  the  General  Government  with  Messrs.  Curtis,  Tobes  <&  Co.,  for  the  removal  of 
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750,000  yards ;  there  was  also  remaining  nnexeonted  the  major  part  of  a  contract  with 
Mr.  G.  H.  Ferris  for  the  removal  of  300,000  yards  from  the  Craigbill  Channel.  Of  these 
amounts  835,000  yards  were  to  be  removed  from  the  Brewerton  Channel,  750,000  from 
the  Fort  McHeury  Channel  and  375,000  from  the  Craigbill  Channel.  The  main  portion 
of  this  work  was  executed  during  1873,  the  contractors  suspending  work  a  short  time 
•during  the  winter  for  repairs,  and  finally  completing  their  contracts  during  April, 
1874. 

We  have  thus  traced  this  work  through  its  various  stages  of  progress  to  what  may 
certainly,  in  a  measure,  be  termed  its  completion. 

HOW  THE  WORK  WAS  DONE. 

The  marked  incidents  connected  with  the  last  two  years  of  its  progress  are  the  de- 
cline in  cost  of  dredging  and  the  increase  in  rapidity  of  execution.  It  is  not  too  much 
to  say  that  with  the  machines  heretofore  nsed  in  this  work,  and  at  their  usual  average 
of  daily  work,  it  would  have  required  from  five  to  eight  years  to  accomplish  the  same 
results.  From  the  10th  of  April,  1873,  to  the  lOtb  of  April,  1874,  seven  dredges  of  the 
clam-shell  type  excavated  and  removed  as  average  of  900  yards  each  per  day  for  each 
calendar  day,  including  sunshine  and  storms,  Sundays,  holidays,  and  delays,  and  strop- 
pages  of  all  kinds.  Their  execution  during  actual  working  days  at  times  reached  over 
3,(]%0  yards  per  day.  The  greatness  of  this  advance  will  be  perceived  when  it  is  con- 
sidered that  a  very  good  average  under'  similar  circumstances  for  the  dredges  heretofore 
employed  would  be  250  yards  per  day— their  maximum  capacity  being  from  600  to  700 
yaitls  per  day. 

At  tne  same  time  the  price  per  cubic  yard  for  this  work  has  been  reduced  from  37 
cents  in  1871  to  22  cents  in  1873. 

One  of  the  chief  difficulties  of  the  work  has  been,  in  so  broad  an  expanse  of  water  as 
is  presented  by  the  Lower  Patapsco  and  the  Bay,  to  keep  the  dredges  in  place  in  the 
excavation  of  a  narrow  channel. 

LOCATION  OF  THE  CHANNELS. 

It  may  therefore  be  relevant  to  present  a  brief  outline  of  the  methods  used  for  de- 
termining the  proper  locations  for  these  channels,  for  securing  the  accuracy  of  their 
alignment  during  the  execution  of  the  work,  as  well  as  the  proper  execution  itself. 

In  the  first  place,  general  surveys  were  made  ^o  determine  the  best  location  for  the 
channels  as  to  depths,  Slc.  These  results  being  plotted,  the  lines  were  laid  down  on  the 
map,  and  their  positions  determined  with  reference  to  certain  established  points  on 
shore.  With  these  dat>a,  and  from  these  fixed  stations,  points  in  the  selected  lines  for 
the  channel  were  accurately  determined  by  tri angulation,  and  marked  by  wooden  piles 
driven  into  the  bottom  of  the  river  or  bay.  These  points  being  for  each  channel  on 
the  same  side,  formed  continuous  rows,  the  slightest  irregularity  in  which  would  ex- 
hibit itself  to  the  most  casual  observer.  The  next  step  wm  to  determine  the  depth  of 
water  within  these  limits  more  specifically  and  fully  than  the  general  survey  would 
permit.  For  this  purpose  another  survey  was  made,  confined  entirely  to  the  limits  of 
the  channels  as  laid  down,  the  state  of  the  tides  being  noted  continuously  at  regular 
intervals  of  time,  at  stations  along  the  routes. 

Being  thus  prepared  for  work,  the  dredges  were  brought  into  the  channels  and  their 
positions  fixed  laterally  by  measurement  with  cords  and  wires  from  the  lines  of  piles 
before  referred  to,  their  movements  forward  or  backward  being  regulated  and  accu- 
rately measured  by  means  of  the  line  extending  astern  to  an  anchor  fixed  in  the  bot- 
tom. Each  dredge  had  in  its  vicinity  a  tide-gauge  to  regulate  the  depth  of  cutting,  and 
an  inspector  whose  duty  it  was  to  see  the  dredge  properly  located,  to  determine  the 
depth  to  which  the  bucket  should  descend,  to  regulat^e  the  alignments  and  progression 
of  the  dredge,  and  to  see  that  the  scows  were  fully  loaded,  as  well  as  to  record  their 
number  and  contents. 

CONCLUDING    BEMARKS. 

The  work  as  now  submitted  to  your  inspection  has  had  for  its  object  the  accomplish- 
ment of  the  following  result:  To  permit  the  approach  to  Baltimore  at  mean  low -water  of 
resaeh  drawing  from  22^  to  23  feet,  avd  at  ordinarjf  high-water  of  vessels  drawing  21 
or  24^  feet.  This  is  attained  by  the  completion  of  this  channel  with  a  depth  of  24  feet 
at  mean  low-water. 

A  width  of  250  feet  has  been  given  where  the  material  on  the  edges  is  not  of  sufficient 
hardness  to  injure  a  vessel  touching  it.  This  is  the  case  throcghont  from  Fort  McHenry 
down  through  the  Brewerton  Channel  and  about  two  miles  in  length  of  the  lower  chan- 
nel. This,  however,  is  regarded  as  a  minimum  width,  as  the  sides  are  likely  to  be  occa- 
sionally struck  by  large  vessels,  especially  steamers,  whose  lengths  are  greater  than 
the  width  of  the  channel,  and  which  may  not  be  kept  exactly  in  the  line  of  the  channel. 
Where  the  sides  are  thus  struck  masses  of  material  are  thrown  into  the  channel. 

In  some  parts  of  the  lower  section  of  the  channel,  where  the  harder  material  of  the 
oyster-banks  or  lumps  was  found  to  some  extent,  the  width  has  been  made  400  feet,  to 
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diminish  the  probabilities  of  vessels  tonching  the  sides ;  in  fact,  to  remove  all  danger  of 
such  striking,  if  dne  care  is  exercised  by  navigators.  In  some  portions  of  the  lower 
channel  there  was  provided  by  natnre  herself  a  much  greater  width  than  400  feet,  nud 
a  mach  greater  depth  than  24  feet.  Of  course,  in  snch  parts  no  dredgiug  has  been 
necessary.  At  the  tnrn  from  the  Brewerton  to  the  lower  channel,  which  is  an  angle  of 
abont  90^,  the  width  of  the  channel  has  been  made  about  1,000  feet,  to  give  ample  room 
for  long  vessels  in  passing  that  point.  In  a  small  portion  of  the  lower  channel  the 
material  of  the  bottom  is  so  very  soft  that  while  the  surface  of  this  iluid-mnd  is  only 
22|  or  23  feet  below  the  surface' of  the  water  at  low- water,  it  appears  no  real  obstcacle 
to  the  passage  through  it  of  the  keel  of  a  vessel  drawing  23  feet  at  the  same  stage  of 
the  tide.  The  last  sur^'ey  reveals  the  existence  of  a  few  very  small  areas  where  a  little 
deepening  is  still  necessary. 
It  is  not  to  be  forgotten  that  this  channel  is  an  artificial  road  or  highway,  of  the  same 

general  character  in  that  respect  as  a  railway,  or  canal,  or  ordinary  wagon-road.     It 
id  not  exist  by  natnre.    It  was  madej  and  to  be  kept.in  good  condition  it  requires  care 
in  it8  use  and  annual  repmrs. 

Range  lights  and  bnoys  have  been  provided  to  enable  careful  navigators  to  find  this  high- 
way and  to  keep  in  it  safely  as  well  by  night  as  by  day.  The  sum  which  will  be  required 
annually  to  keep  this  highway  in  its  present  condition  need  not  exceed,  and  will  be 
probably  less  than  $50,000,  but  it  should  be  regularly  provided  and  judiciously  andecononi- 
ically  applied. 

The  constant  and  careful  use  of  the  channel  by  heavy  ships,  and  especially  by  screw- 
steamers,  will  improve  its  depth,  rather  than  injure  it.  The  sum  of  $75,000  has  just 
been  provided  by  Congress  for  this  improvement. 

The  result  now  reached  in  the  creation  of  this  artificial  highway  has  been  attained 
only  by  the  patient  and  persistent  and  combined  labor,  through  many  years,  of  many 
persons  on  the  water  and  in  the  office.  Let  each  receive  his  due  share  of  credit.  Much 
of  this  labor  has  lieen  performed  under  my  supervision,  and  I  desire  to  say,  emphati- 
cally, that,  if  this  work  is  of  any  value  to  the  great  city  of  Baltimore,  she  owes  more 
for  it  to  Mr.  N.  H.  Hutton  than  to  any  other  person.  I  feel  under  great  personal  obli- 
gation to  him,  while  assisting  me  in  the  performance  of  my  duty,  &r  the  exhibition  of 
mnch  energy,  patience,  and  skill  by  him,  and  it  is  but  his  due  for  me  to  say  so  in  this 
connection.    He  has  had  the  immediate  charge  of  the  operations. 

In  conclusion  I  beg  to  express  my  sincere  thanks  to  the  members  of  your  board  for 
the  confidence  manifested  and  the  support  at  all  times  given  to  me  during  my  connec- 
tion with  the  work. 

Very  respectfully,  your  obedient  servant, 

Wm.  p.  CJraighill. 

At  the  conclusion  of  the  reading  the  mayor  said : 

**  It  would  be  an  act  of  supererogation  on  my  part  to  make  any  remarks  on  this  occa- 
sion after  the  report  just  read.  We  have  all  reason  to  be  gratified.  Baltimoreans  have 
long  been  aware  of  the  necessity  of  these  improvements.  In  former  times  15  or  18  feet 
of  water  was  sufficient  for  the  ships  then  constructed,  but,  as  these  increased  in  size, 
wisdom  demonstrated  the  necessity  of  beginning  the  work  and  pushing  it  forward. 
When  I  was  a  boy  vessels  of  400  or  500  tons  were  usual,  and  the  Qirard  vessels  of  tiOO 
or  700  tons  were  considered  very  large.    The  water  here  was  then  sufficient. 

"  It  is  a  pleasant  condition  of  the  public  mind  that  it  Is  always  prepared  to  lend  its 
aid  to  improvements  when  made  apparent.  The  merchants  of  Baltimore,  to  whom 
honor  is  due,  kept  this  improvement  constantly  in  mind.  The  State  Commission,  a 
member  of  which  I  see  here,  (R.  R.  Kirkland,  e£q.,)  and  others,  worked  assiduously, 
and  effecting  as  much  as  possible  with  the  small  amount  of  $20,000  from  auction-duties. 
With  the  great  extension  of  trade  it  was  apparent  that  Baltimore  was  to  be  a  great 
entrepot,  the  great  storehouse  of  products  not  only  from  the  surface  but  below  the  sur- 
face. 

« I  need  not  refer  to  the  Bremen  line  or  the  Allan  line,  whose  presence  required  the 
construction  of  this  channel,  and,  if  they  increase  in  size,  of  still  further  extending  the 
work.  The  Government  has  liberally  responded  to  the  action  of  Baltimore  City  regard- 
ing this  work,  and  credit  is  due  to  Mr.  Swan,  Mr.  Albert,  Mr.  O'Brien,  and  others,  as- 
sisted by  the  merchants,  for  the  liberal  manner  in  which  the  Government  has  aided 
the  work.  I  bear  testimony  to  the  faithful  manner  in  which  the  work  has  been  con- 
ducted by  Colonel  Craighill.    It  was  done  with  promptness  and  regularity. 

*'The  soundings  will  demonstrate  the  work  has  been  well  executed.  It  has  been  done 
economically  and  expeditiously,  and  the  estimates  made  by  Colonel  Craighill  were  found 
to  be  almost  mathematically  correct.  Of  the  money  appropriated  by  the  city  $50,400 
remains  unexpended.  I  congratulate  you,  my  fellow-citizens,  on  the  completion  of  the 
work.  The  channel  is  as  a  road  and  highway,  and  must  be  kept  in  its  present  condition. 
It  is  important  for  the  interest  of  our  great  city,  as  we  must  have  the  road  with  which 
to  export  onr  erain  and  other  articles,  and  to  bring  to  this  shore  those  articles  of  which 
we  have  need?' 
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U  8. 
IMPROVEMENT  OF  CAMBRIDGE  HARBOR,  MARYLAND. 

On  the  30th  of  Jane,  1873,  Mr.  Dodge,  the  contractor,  was  engaged  in 
dredging  at  this  place.  By  his  operations  the  entrance  to  the  inner 
basin  was  widened  to  125  feet,  and  the  sharp  curve  at  the  turn  into  the 
outer  channel  was  eased  by  catting  off  the  projecting  point  on  the  con- 
vex side. 

Work  was  saspended  August  11,  when  the  appropriation  was  ex- 
hausted. The  value  of  the  improvement  may  be  inferred  from  the 
attached  letter  of  the  president  of  the  Dorchester  and  Delaware  Railroad 
Company,  of  which  road  Cambridge  is  one  of  the  termini.  The  addi- 
tional cut  to  which  he  refers  was  not  contemplated  by  the  original  esti- 
mate, which  was  for  a  minimum  improvement.  It  would,  undoubtedly, 
be  advantageous. 

Dorchester  and  Delaware  Railroad  Company, 

Prendenfa  Office,  Cambridge,  Md^  July  3,  1874. 

Dear  Sir  :  It  affords  me  pleasure  to  give  you  the  desired  information  about  the  chan- 
nel at  Cambridge  which  you  so  successfuUy  cleared  out.  It  stands  well,  fiUine  up  Tery 
little  if  any.  Another  cut,  widening  it,  would  be  a  great  improyement,  and  we  then 
should  have  one  of  the  prettiest  little  harbors  in  the  world.  For  this  purpose,  I  intend 
to  ask  an  appropriation  of  $5,000  at  the  next  session  of  Congress,  which  I  have  some 
assurance  I  can  get.  Since  I  last  wrote  to  yon  a  number  of  large  Tessels  have  loaded 
with  lumber  in  50  or  60  yards  of  my  office  for  New  York,  Maine,  and  other  markets.  I 
and  other  citizens  of  Cambridge  and  Dorchester  County  feel  very  grateful  to  you  and 
the  member  of  Congress  for  this  public  improvement. 
Most  truly,  yours,  Slc., 

W.  WII50N  Byrn. 

Col.  Wm.  p.  Craiohill, 

Corps  of  Engineers,  U.  8.  J. 

This  place  is  situated  in  the  ooUectioB-district  of  Baltimore,  which  is  the  nearest 
port  of  entry. 

The  estimate  of  this  improvement  was  $21,600  for  a  channel  and  basin  of  8  feet  depth, 
and  ^36,000  for  a  depth  of  10  feet  at  low- water.  Congress  appropriated  |10,000  March 
3, 1871,  $10,000  June  10, 1872,  and  $5,000  March  3, 1873.    Total  $25,000. 

K  the  whole  of  the  estimate,  $21,600,  had  been  appropriated  in  one 
sum,  the  work  which  cost  925,000  would  have  been  done  for  $21,600. 
No  further  appropriation  is  asked  unless  Congress  should  feel  inclined 
to  make  the  addition  to  the  channel  asked  for  by  Mr.  Byrn  and  referred 
to  above. 

Finmicial  statement 

Balance  in  Treasury  of  United  States  July  1,1873 $5,000  00 

Amount  expended  during  fiscal  year  endiug  June  30, 1874 4, 874  11 


IMPROVEMENT  OF  THE  WICOMICO  RIVER,  NEAR  SALISBURY,  MARYLAND. 

A  survey  of  a  portion  of  this  river  was  made  in  1871,  and  a  report 
submitted.  It  was  found  that  the  improvement  needed  was  the  opening 
of  a  channel  by  dredging  from  the  existing  7  feet  water  to  the  bridge, 
about  75  feet  in  width  and  7  feet  in  depth  at  mean  low-water,  at  a  cost 
of  about  $20,000.  The  inhabitants  offered  and  agreed  to  construct  such 
bulkheads  as  might  be  necessary  to  receive  the  material  excavated  from 
the  river,  and  give  proper  banks  to  the  stream,  which  it  was  altogether 
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proi>er  tbey  should  do,  as  they  would  thereby  be  greatly  improving  their 
own  property. 

Congress  appropriated  $5,000  June  10, 1872,  which  was  ex|>ended  in 
1872  in  making  a  channel  of  reduced  dimensions,  the  width  being  about 
25  feet.  The  channel  thus  excavated  was  in  length  about  four-fifths  of 
a  mile,  extending  from  the  bridge  at  Salisbury  through  the  shoalest 
part  of  the  river.  About  one-fifth  of  a  nnle  of  this  channel  had  a  depth 
of  5  feet  at  mean  low- water;  the  remainder  a  depth  of  7  feet.  This 
was  in  itself  a  valuable  improvement.  The  dikes,  however,  were  not 
built  when  the  di-edging  began,  and  it  was  promised  they  should  be 
placed  as  soon  as  the  dredging  was  completed,  before  the  ice  of  winter 
and  the  freshets  of  spring  should  have  degraded  the  banks  of  dredged 
material.  The  consequence  (as  developed  by  a  survey  made  in  March, 
1873)  was  what  might  have  been  expected — a  considerable  filling  of  the 
dredged  channel,  due  in  great  part  to  the  causes  mentioned  above. 

A  new  appropriation  of  $5,000  was  made  March  3, 1873.  The  under- 
standing with  which  the  appropriations  were  made  being  that  the  com- 
munity interested  were  to  construct  the  necessary  bulkheads,it  has  been 
thought  proper  to  defer  further  attempts  at  improvement  until  these 
structures  shall  have  been  placed.  There  is  now  a  fair  prospect  of  their 
being  shortly  built. 

An  additional  appropriation  of  $5,000  was  made  by  the  act  of  June 
23, 1874. 

Salisbury  is  a  very  thriving  town,  extensively  engaged  in  the  lumber- 
trade,  and  will  doubtless  be  greatly  benefited  by  the  impi-ovement  pro- 
posed. 

The  Wicomico  is  in  the  collection-district  of  Baltimorei  which  is  also  the  nearest  port 
of  entry. 

This  channel  should  receive  annual  repairs  to  keep  it  in  proper  condi- 
tion.   For  that  purpose  the  sum  of  $2,500  should  be  provided. 

The  original  estimate  was  for  completion,  $17,000,  which  was  based  npon  the  expec- 
tation of  continuous  and  rapid  work.  The  appropriations  have  been  $5,000,  June  10. 
1872,  expended ;  and  $5,000  June  23,  1873,  now  available.  To  complete  the  estimate,  and 
provide  for  filling  four  years,  the  two  sums  of  $7,000  and  $10,000  are  required  to  carry  the 
work  through  1«76,  or  a  total  of  $17,000. 

Financial  statemenU 

Balance  in  Treasnry  of  United  States  July  1, 1873 $5,000  00 

Amount  in  hands  of  oflBcer  and  subject  to  his  check 98  14 

Amonnt  appropriated  by  act  approved  June  23,  1874 5,000  00 

Amount  expended  during  the  fiscal  year  ending  June  30,  1874 290  35 

Amount  available  Jnly  1,  1874 9,807  79 

Amount  required  for  the  fiscal  year  ending  June  30, 1876 17, 060  00 


U    ID. 


IMPROVEMENT  OF  THE  HARBORS  OF  WASHINGTON  AND  GEORGETOWN, 

D.  C. 

Under  the  act  of  Congress  approved  March  5,  1872,  a  board  of  sny 
vey  was  created  for  the  purpose  of  reporting  to  Congress  a  full  and 
comprehensive  plan  of  improvement.  This  report  was  printed  in  Mis. 
Doc.  No.  15j  Senate,  426  Congress,  3d  session. 

An  appropriation  of  $50,000  was  made  by  act  of  March  3,  1873.  The 
freshets  of  the  spring  of  1873  having  caused  considerable  deposition  in 
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the  channels  leading  to  Washington  and  Georgetown,  an  examination 
of  them  became  necessary,  in  order  to  ascertain  the  extent  of  the  changes 
reported.  This  examination  was  made  by  Lieutenant  Thomas  Turtle, 
Corps  of  Engineers,  as  soon  as  practicable  after  the  subsidence  of  the 
freshets.  A  project  of  expenditure  was  submitted,  the  main  idea  of 
which  was  to  expend  the  appropriation  so  as  to  relieve  at  once,  as  far 
as  possible,  the  wants  of  confmerce,  while  conforming  to  the  plan  of 
improvement  recommended  by  the  board  of  survey  already  refvirred  to. 

It  was  decided  by  the  Chief  of  Engineers,  in  carrying  out  that  idea, 
to  devote  $35,000  to  dredging  in  the  Virginia  Channel  (which  is  pro- 
posed ultimately  to  be  the  only  channel)  to  a  depth  of  14  feet  at  low- 
water,  and  to  expend  the  remaining  $16,000  in  dredging  along  the  pres- 
ent Washington  front,  as  high  as  Seventh  street,  to  a  depth  of  12  feet 
at  low- water. 

Proposals  for  the  work  were  received  August  11, 1873,  and  an  abstract 
of  them  forwarded  to  the  Chief  of  Engineers  August  11, 1873. 

Up  to  the  close  of  the  fiscal  year  no  authority  had  been  given  for  pro- 
ceeding with  the  work. 

The  board  of  survey  recommend  that,  if  it  shall  be  decided  by  Con- 
gress to  carry  out  their  plan  of  improvement,  not  less  than  $2,000,000 
should  be  appropriated  for  the  first  year.  In  any  event,  not  less  than 
$50,000  should  be  provided  for  the  year  ending  June  30,  1876,  to  pay 
for  necessary  dredging  to  keep  the  channels  open  and  to  remove  certain 
dangerous  rocks  in  the  harbor  of  Georgetown. 

Financial  statement 

Balance  in  Treasnry  of  United  States  Jply  1,1873 $50,000  00 

Deduct  amoan t  expended  in  fiscal  year  1872-73 730  29 

Amoant  expended  during  the  fiscal  year  ending  June  30, 1874 50-^  76 

Amount  available  July  1, 1874 48,760  95 

Amount  required  for  the  fiscal  year  ending  June  30;  1876 2, 000, 000  00 


Commercial  statistics, 

CUSTOM-HODSE, 

Disiriet  and  Pert  of  Georgetown,  D.  C,  September  17,  1874. 

Sir  :  Yours  of  the  14th  of  July,  1874,  requesting  certain  information  to  be  embodied 

in  your  next  report  to  Congress  of  the  further  improvement  of  the  Potomac  River 

below  Georgetown,  D.  C,  was  received  in  due  time,  and,  in  reply  thereto,  would  state — 

First.  That  the  amount  of  revenue  collected  at  this  port  for  the  fiscal  year  ending 

June  30, 1874,  was  $6,956.70. 

Secoud.  In  regard  to  commerce  and  navigation  that  would  be  benefited  by  the  fur- 
ther improvement  of  the  Potomac,  I  can  give  you  but  a  partial  statement,  it  being 
much  more  than  a  casual  observer  would  suppose,  who  did  not  make  investigations  in 
regard  thereto. 

Steam  and  sailing  vessels  entered  and  cleared  during  the  fiscal  year  ending  June  30, 
1874,  viz : 

379  steamers,  aggregating 204,162  tons. 

156  sail,  aggregating 26,410  tons. 

Total...  535 230,572tons. 

Belonging  to  the  district  of  Georgetown — 

25  steam-vessels,  aggregating 3,877  tons. 

80  sail-vessels,  aggregating 2,058  tons. 

Total...  105 5,935  tons. 

Also,  372  canal-boats  and  barges,  aggregating  22,394  tons. 
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Steamers  engaged  in  the  coasting  trade  :  3  from  Georgetown  to  Baltimore,  aggregat- 
ing 2,040  tons;  2  from  Georgetown  to  Philadelphia,  airgregating  489  tons;  2  from 
Georgetown  to  New  York,  aggregating  666  tons;  1  ^om  Georgetown  to  Norfolk, 
aggregating  717  tons  ;  1  from  Washington  to  mouth  uf  Potomac,  aggregating  352  tons; 
1  ^om  Washington  to  Qnantico,  Ya.,  aggregating  490  tons. 

Seven  of  the  above  steamers  arrive  and  depart  onoe  each  week  ;  two  arrive  and  de- 
part twice  each  week ;  one  arrives  and  departs  daily.  Ten  steam-tugs,  the  greater 
number  of  which  are  in  constant  employ. 

From  information  reoeived  from  the  agents  of  the  coal  companies  located  here,  I 
wonld  state  that  the  shipments  of  coal  Arom  Georgetown  for  the  year  ending  June  30, 
1874,  was  not  less  than  690,000  tons,  which,  at  $4  per  ton,  would  amount  to  $2,760,000, 
and  to  carry  which  at  least  600  vessels  have  been  employed,  and,  in  addition  thereto, 
about  100  vessels  were  partly  laden  here,  and  obliged  to  go  below  to  Alexandria  to  com- 
plete their  cargoes,  because  of  there  not  being  water  in  our  channel  of  sufficient  depth 
to  enable  them  to  carry  full  cargoes. 

I  am  also  informed  that  all  the  vessels  which  are  now  being  built  for  carriage  of  coal 
are  of  the  tonnage  which  will  either  necessitate  the  deepening  of  the  channel,  or  to 
abandon  Georgetown  as  a  place  of  shipment  altogether. 

Grain  and  lumber  are  brought  here  from  vanons  sections  of  the  country  in  large 
quantities,  with  other  articles  of  commerce,  in  which  trade  quite  a  number  of  sail- ves- 
sels are  employed. 

All  vessels  arriving^and  departing  are  not  under  the  necessity  of  entering  or  clearing, 
bnt  I  think  I  am  under  the  number  when  I  say  that  twelve  hundred  steam  and  sail 
vessels  have  arrived  and  departed  during  the  fiscal  year  ending  June  30, 1874,  not 
numbering  the  small  crafts,  such  as  oyster  and  fishing  vessels. 
Third.  Alexandria,  Va.,  is  a  port  of  entry  below  Georgetown,  D.  C. 
Fourth.  Washington,  D.  C,  is  a  port  of  delivery  only,  Georgetown  being  the  only 
port  of  entry. 

I  regret  very  much  that  I  cannot  give  you  a  full  and  complete  statement  of  the  value 
of  the  commerce  of  the  port,  but  in  oonoluding  would  say  that  great  necessity  exists 
at  the  present  time  for  the  improvement  of  the  channel  leading  to  Georgetown ;  in 
order  to  accommodate  and  facilitate  its  commerce,  the  channel  should  be  kept  free  and 
of  proper  depth,  that  vessels  of  large  tonnage  may  come  and  go  without  delay  or  detri* 
ment. 

Very  respectfully,  your  obedient  servant, 

Chas.  8.  Ekgush, 

Wm.  p.  Craighill, 

Major  of  Engineirs, 
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U    II. 

IMPROVEMENT  OF  ACCOTINK  CREEK,  VIRGINIA. 

Under  a  contract  dated  September  14, 1872,  operations  were  began  at 
this  place  October,  1872,  and  finished  April  3,  1873.  A  channel  about 
40  feet  wide  at  bottom,  and  from  2J  to  3  feet  deep  at  low-water,  leading 
from  the  2J  feet  water  in  Accotink  Bay  to  a  point  about  200  yards  within 
the  mouth  proper  of  Accotink  Creek,  and  a  channel  about  4  feet  deejp 
and  25  feet  wide  from  that  point  to  the  village,  were  completed.  No  re- 
examination of  this  creek  has  been  made  for  a  year,  for  want  of  funds, 
but  it  is  understood  that  the  work  stands  quite  well,  and  that  those 
interested  have  been  planting  willows  on  the  banks  to  prevent  their  deg- 
radation. 

Accotink  is  in  the  ooUection-district  of  Alexandria,  which  is  the  nearest  port  of  entry. 

Financial  statetnent 

Amonnt  in  hands  of  officer,  and  snbject  to  his  check $23  04 

Amount  expended  during  the  fiscal  year  ending  June  30,  1874 23  04 

Amount  required  for  the  fiscal  year  ending  June  30, 1876 14, 000  00 


U    12. 
IMPROVEMENT  OF  OCCOQUAN  fcREEK,  VIRGINIA. 

At  the  close  of  the  last  fiscal  year,  Mr.  A.  A.  Dodge  was  engaged  in 
dredging  a  channel  through  "Lower  Mud"  under  his  contract,  dated 
May  17, 1873.  Operations  were  suspended  August  12,  after  completing 
two  cuts.  A  channel  about  50  feet  wide  and  5  feet  deep  at  mean  low- 
water  through  the  entire  width  of  "  Lower  Mud,''  was  the  result  of  the 
season's  work. 

A  re-examination  of  the  excavated  channel  was  made  in  June,  1874, 
demonstrating  the  fact  that  very  little  filling  had  taken  place  during  the 
time  which  had  elapsed  since  the  cessation  of  work. 

There  were  no  proposals  received  during  the  year. 

Occoquan  is  located  in  the  collection-district  of  Alexandria,  which  is  the  nearest  port 
of  entry. 

The  original  estimate  for  the  improvement  of  this  creek,  giving  a  channel  100  feet 
wide  and  5  feet  deep  at  meao  low-water,  amounted  to  $18,000.  An  appropriation  was 
made  March  3,  1873,  of  $5,000.  An  appropriation  was  made  Jnne  23,  1874,  of  $5,000. 
Beqnired  to  complete  the  work,  $8,000.  « 

Financial  statement 

Balance  in  Treasury  of  United  States  July  1, 1873 $5,000  00 

Deduct  amount  expended  in  fiscal  year  1872-'73 1,870  8"^ 

Amount  appropriated  by  act  approved  Jnne  23,  1874 5, 000  00 

Amonnt  expended  during  the  fiscal  year  ending  June  30, 1874 2, 019  29 

Amonnt  available  Jnly  1, 1874 6,109  89 

Amonnt  required  for  the  fiscal  year  ending  June  30, 1876 8, 000  00 


U  13. 


IMPROVEMENT   OP   THE    RAPPAHANNOCK    RIVER   BELOW  FREDERICKS 

BURG,  VIRGINIA. 

Under  a  contract  dated  Augast  l4,  1873,  Mr.  A.  A.  Dodge  removed 
about  17,500  cabic  yards  of  material  from  the  Fredericksburg  Bar,  de- 
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positing  behind  the  dikes  on  either  bank  of  the  river  antil  the  space 
seemed  full,  and  then  carrying  the  remainder  down  the  river  and  dump- 
ing it  in  places  where  there  was  little  probability  of  its  returning  into 
the  channel.  This  method  of  disposing  of  material  is,  however,  radi- 
cally wrong,  and  should  never  be  resortedto  except  from  absolute  neces- 
sity, or  to  save  expense  when  funds  are  inadequately  provided,  and  a 
certain  result  must  be  attained.  Mr.  Dodge  also  took  out  some  logs  and 
snags  below  Spottswood  Bar.  His  work  was  concluded  in  November, 
1873.  A  survey  made  in  November  and  December,  1873,  showed  the 
river  was  in  a  better  condition  for  navigation  than  it  had  been  for  many 
years  before.  The  object  of  the  operations  since  1870  had  been  fully 
attained,  viz,  to  give  8  feet  at  low-water  as  high  up  as  Fredericksburg, 
whereas  previously  (since  the  war)  only  4J  feet  was  found  at  more 
than  one  place. 

My  opinion  as  to  the  extent  of  the  operations  required  for  this  river 
was  expressed  in  a  letter  to  the  Chief  of  Engineers  dated  April  29, 1873. 
As  the  same  opinion  is  still  entertained,  a  quotation  from  that  letter  is 
here  introduced : 

The  estimate  of  aboat  $85,000  for  the  improvement  of  the  rtver,  contained  in  my 
report  of  January  26, 1871,  contemplated  the  procurement  of  a  depth  of  10  feet  at 
mean  low-water  as  high  as  Fredericksburg.  The  first  and  Hecond  appropriations  there- 
after having  been  small  and  inadequate  to  giving  that  depth,  it  was  considered  better 
to  attain  first  a  depth  of  8  feet  at  low- water,  and  afterward,  if  the  wants  of  commerce 
sbonid  require  a  j^reater  depth,  it  could  be  given  if  the  money  should  be  appropriated 
by  CongreHS.  With  the  information  now  in  my  possession,  I  am  of  the  opinion  that  8 
feet  at  low- water  is  sufficient  for  tbe  present  needs  of  the  commerce  upon  the  river, 
and  I  have  failed,  notwithstanding  the  manifest  improvement  in  the  navigation,  to 
perceive  any  such  tendency  to  a  corresponding  revival  of  trade  •n  the  river,  or  in  the 
towns  on  its  banks,  as  would  justify  the  expenditure  of  any  money  in  making  a  10- foot 
navigation  where  it  does  not  now  exist. 

I  submit,  however,  an  estimate  below  for  giving  now  10  feet  at  low- 
water  as  high  as  Fredericksburg : 

KSTIMATB    TO    COMPLKTE    IMPROVEMENT— CHANNEL  100  FEET    BY  10    FEET    AT  MEAN 

LOW-WATER. 

Excavation, 

Fredericksburg  Bar,  40,000  yards,  at  33  cents |13,300 

Spottswood  Bar,  20,000  yards,  at  25  cents 5,000 

18,200 

Remainder  of  river,  as  per  estimate  of  1871,  from  Spottswood  down 29, 250 

For  contingencies,  20  per  cent,  of  $47,450 —      9,490 

Total  required '. 56,940 

Experience  gained  since  1871  indicates  that  it  will  require  annually 
from  $5,000  to  $8,000  to  keep  the  river  open.  It  also  shows  that  with 
the  wrecks  as  they  are  at  Spottswood  Har,  (one  having  been  removed  in 
1872,)  no  other  deflector  or  training-dike  is  needed.  The  cut  keeps  well 
open,  and  only  needs  widening. 

The  appropriations  by  Congress  since  the  estimate  of  1871  (of  $85,000 
for  10  feet  water)  have  been  the  following  : 

Fifteen  thousand  dollars  March  3, 1871 ;  $15,000  June  10, 1872;  $15,000  March  3,  1973 ; 
$7,000  June  23,  1874  ;  total,  $52,000.  To  complete  the  estimate  $33,000  are  required, 
which  would  have  done  the  work  had  the  whole  sum  been  at  once  appropriated  and 
operations  not  interrupted.  The  w^ork  would  now  require  $57,000  minus  the  $13,000 
now  available,  or  $44,000. 

About  $7,500  per  annum  will  be  required  for  this  river  to  keep  it  in 
its  present  condition  of  an  8  foot  low- water  navigation,  or  to  keep  it  at 
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10  feet,  if  that  depth  were  once  attained.  If  the  whole  amount  of 
$44,000  cannot  be  appropriated  in  one  sum,  (and  Congress  is  certainly 
the  judge  whether  the  present  or  prospective  commerce  of  the  river 
would  require  a  corresponding  navigation  of  10  feet,)  the  true  policy  is 
to  appropriate  not  more  than  $7,5(^,  the  annual  sum.  Five  thousand 
dollars  would  probably  be  sufficient  for  the  year  ending  June  30,  1876. 

This  work  is  located  in  the  coUection-district  of  Tappahanuock. 

The  report  and  estimate  of  1871,  having  been  omitted  from  the  annual 
report  of  1871,  is  hereto  appended  as  a.  part  of  the  history  of  the  im- 
provement of  the  river. 

A  letter  from  the  collector  of  customs  at  Tappahanuock,  Ya.,  dated 
August  10, 1874,  is  also  appended  hereto. 

Financial  statement 

Balance  in  Treasury  of  United  States  July  1, 1873 $15,000  00 

Deduct  amoant  expended  in  iiscal  year  1^7^73 1,913  92 

Amount  appropriated  by  act  approved  June  23, 1874 7,000  00 

Amount  expended  during  the  fiscal  year  ending  Juue  30, 1874 7, 107  19 

Amount  available  July  1,  1874 12,978  81) 

Amount  required  for  the  fiscal  year  ending  June  30,  1876 7, 500  00 

Bids  opened  at  1  o'clock  p,  m.,  Julif  25, 1873. 


Na 


Ifame. 


Addreoa 


Time. 


BegiD. 


Complete. 


Price  per 
cubic  yard. 


1  ,  G.  H.  Ferrle  . 
S  I  A.  A.  Dodge  . 


Brooklyn  .. 
Baltimore.. 


Oct.     1, 1873 
Sept.   1,1873 


Jan.  1,1874 
Jan.  10,1674 


$0  39 
33 


Contract  to  A.  A.  Dodge,  at  33  cents  per  cubic  yard. 


Report  and  estimate  of  1871. 

United  States  Engineer  Office, 

Baltimore^  Md.j  January  26,  1871. 

General  :  I  have  the  honor  to  submit  herewith  a  report  and  esti- 
mates on  the  subject  of  the  improvement  of  the  Eappahannock  Biver, 
Virginia,  a  duty  devolved  upon  me  by  Engineer  Department  letter  of 
July  23,  1870. 

The  necessity  for  some  effort  toward  the  amelioration  of  the  condition 
of  this  river  was  recognized  by  the  General  Government  at  least  as  early 
as  1852,  at  which  time  the  late  General  Mansfield  (then  captain  Corps  of 
Engineers  aud  brevet  lieutenant-colonel)  was  directed  to  make  an  exam- 
ination and  report.  Owing  to  the  want  of  a  detailed  survey  and  map  of 
the  river,  hi»  report  at  that  time  was  only  general  and  preliminary  iii 
its  character,  and  resulted  in  the  suggestion  that $40,000  be  appropriated 
for  commencing  operations  on  the  improvement,  pending  the  execution 
of  a  thorough  survey  of  the  river  from  Fredericksburg  to  the  bay,  when 
a  final  report  and  estimate  might  be  made.  This  survey  was  made  by 
the  United  States  Coast  Survey,  at  General  Mansfield's  request,  during 
1853  and  1854,  bat  no  further  action  was  had  on  the  question  of  the 
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river  improvement  from  that  time  until  now,  so  far  as  my  knowledge 
goes. 

The  survey  of  1853-*54  materially  abridged  the  amount  of  field-work 
required  at  this  time  to  enable  me  to  report  intelligently  on  the  kind 
and  amount  of  work  necessary  to  be  done  to  effect  the  desired  improve- 
ment. The  general  results  of  the  examinations  made  in  1870  under  my 
direction  indicate  no  material  change  in  the  condition  of  the  river  since 
the  date  of  General  Mansfield's  report.  The  extent  and  character  of 
the  obstructions  are  generally  the  same,  consisting  of  bars  or  shoals, 
formed  either  in  those  places  where  the  river,  having  a  straight  course, 
expands  in  width  suddenly,  or  near  the  mouth  of  tributary  streams.  The 
depth  of  water  over  the  principal  of  these  bars  was  found  to  be  nearly 
as  given  by  General  MansQeld,  though  differing  considerably  from  those 
given  by  the  Coast  Survey  map.  Fredericksburg,  which  is  the  com- 
mercial center  of  the  interests  involved  in  the  improvement  of  the 
Rappahannock,  is^ituated  on  the  right  bank  of  that  stream,  about  160 
miles  above  its  junction  with  Chesapeake  Bay.  It  had,  for  a  long  period 
anterior  to  the  late  war,  maintained  a  very  considerable  coastwise  and 
European  trade,  and,  despite  the  impediments  to  a  free  navigation  of  the 
river,  was  rapidly  increasing  in  wealth  and  importance. 

Its  annual  coastwise  shipment  of  grain  formerly  exceeded  1,000,000 
bushels,  and  its  flour  and  woolen  goods  possessed  an  extended  European 
reputation. 

So  long  as  ninety  years  ago  vessels  loaded  at  Fredericksburg  directly 
for  ports  in  Europe;  since  1820,  however,  the  shoaling  of  the  river  has 
entirely  cut  them  off*  from  that  trade.  The  water-power  of  this  point  is 
said  to  equal  that  of  Lowell,  Massachusetts,  both  in  power  and  avail- 
ability. By  means  of  damming,  this  power  has  been  put  in  condition  for 
immediate  use,  and,  indeed,  is  now  quite  extensively  utilized,  though  it 
needs  capital  and  a  more  certain  navigation  to  the  bay  to  develop  its 
full  capacity.  It  is  believed  that  when  the  means  of  sure  and  cheap 
transit  thence  b.v  the  river  is  assured  capital  will  offer  in  abundance 
to  do  the  rest.  That  the  wealth  and  prosperity  of  this  section  will  be 
increased  by  this  improvement,  and  consequently  that  of  the  whole 
country,  there  can  be  no  doubt. 

The  river,  from  Fredericksburg  to  Port  Eoyal,  (about  thirty  miles  be- 
low,) winds  in  a  tortuous  course  between  banks  generally  well  elevated 
and  stable,  though  showing  at  some  points  indications  of  sliding,  which 
would  probably  be  remedied  by  removing  the  superincumbent  timber. 
Its  width,  between  these  points,  gradually  increases  from  350  feet  to 
1,500  feet;  though  presenting  several  enlargements  beyond  this  ratio, 
where  are  generally  found  the  obstructing  bars  and  shoals.  Below  Port 
Eoyal  the  river  expands  gradually,  until  at  its  mouth  it  has  a  width  of 
four  miles.  The  bottom  is  generally  sandy,  and  the  current  without 
sufficient  force  to  preserve  a  stable  channel. 

As  far  as  a  discussion  of  the  river  improvement  is  concerned,  Port 
Eoyal  may  be  c^onsidered  the  mouth  ;  beyond  that  it  is  an  arm  of  the 
bay.  The  influences  of  freshets  and  fluvial  currents  are  lost  beyond  this, 
and  all  of  its  characteristics  are  those  of  an  estuary  rather  than  a  river. 
On  this  lower  portion  of  the  river  only  two  obstructions  exist  to  navi- 
gation, viz,  at  Nanzatico  and  Naylor's  Hole.  The  first  (caused  by  a 
sudden  enlargement  of  the  water-way)  is  slight  in  extent;  the  latter  is 
caused  by  the  confluence  of  two  opposite  tides,  occurring  at  a  point 
naturally  inclined  to  shoal,  and  it  will  be  probably  removed  to  a  point 
lower  down  and  more  favorable  by  any  improvement  which  facilitates 
the  tidal  movement  in  the  upper  river.    The  river,  then,  requiring  im- 
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provement,  may  be  called  thirty  miles  in  length.  The  obstructions  are 
bars  and  shoals  formed  either  by  enlargement  of  the  water-way  beyond 
its  low-water  capacity  to  fill  properly,  or  to  enable  the  channel  to  main- 
tain its  own  stabihty;  or  are  the  effect  of  tributaries  arresting  the 
floods  at  the  mouths,  aud  forming  bars. 

The  wrecks  deposited  in  the  river  during  the  war,  though  undoubted 
obstructions,  are  small  in  size  and  insignificant  in  numbers. 

It  is  proposed  to  remove  the  bars  and  shoals  by  dredging ;  to  form  a 
channel  100  by  10  feet  at  mean  low- water ;  to  break  up  and  remove  the 
wrecks  by  blasting,  and  in  some  cases  to  assist  the  channel  in  preserv- 
ing its  proper  position  and  depth  by  the  use  of  dikes  or  jetties  of  cheap 
constructioD. 

It  is  believed  that  a  general  system  of  training-dikes,  which  would 
regulate  the  size  of  water-way  in  accordance  with  its  volume  aud  the 
required  depth,  assist  the  upward  movement  of  the  tidal  wave  by  dimin- 
ishing friction  along  the  banks,  and  control  and  assist  the  ebb,  would 
prove  highly  beneficial.  As  their  proper  construction  would  prove  ex- 
pensive, and  as  much  if  not  all  that  is  at  present  required  can  be  done 
without  their  use,  except  in  special  cases,  as  mentioned  above,  they  have  - 
not  been  included  in  the  plans  and  estimates  herewith  submitted. 

The  e^stimated  cost  of  a  channel  100  feet  wide  and  10  feet  deep,  at 
mean  low- water,  is  $83,760,  and  I  would  recommend  that  that*  amount 
be  appropriated  for  this  purpose. 

To  the  report  of  my  assistant,  Mr.  N.  H.  Hutton,  which  accompanies 
this,  and  his  maps,  I  respectfully  refer  for  details  of  the  survey  and  its 
results. 

The  following  papers  are  also  transmitted  herewith,  viz  : 

1.  Extract  from  Colonel  Mansfield's  report  of  November  26, 1852. 

2.  Letter  of  November  12,  1870,  from  Mr.  Wentworth,  collector  of  the  district  in 
which  the  Rappahannock  is  sitnatod. 

3.  Letter  of  October  b,  1870|  from  Mr.  A.  K.  Phillips,  once  custom-house  officer  at 
Fredericksburg. 

4.  Printed  petition  to  Congress,  detailing  certain  facts  of  importance  about  the  Rap- 
pahannock River,  and  praying  for  an  appropriation  for  its  improvement. 

To  show  the  relative  positions  of  the  several  localities,  of  which  de- 
tailed sketches  are  transmitted,  reference  is  requested  to  the  printed 
Ck>a8t  Sarvey  map  of  the  river,  a  copy  of  which  is  supposed  to  be^in  the 
Engineer  Bureau. 

Very  respectfully,  your  obedient  servant, 

Wm.  p.  Cbaighill, 

Major  of  Engineered 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineersj  U.  S.  A. 


Report  of  Mr.  N.  R.  Button j^ Assistant  Engineer . 

United  States  Engineer  Office, 

Baltimore,  Md.,  January  24, 1871. 

Major  :  In  acconlance  with  yonr  instmctions,  I  have  the  honor  to  snbmit  herewith 
the  reenlts  of  an  examination  made  under  year  directions  of  the  Rappahannock  River, 
Virginia, with  a  view  to  the  improvement  of  its  channel. 

A  very  thorough  sarvey  of  the  river,  in  1853,  made  by  the  United  States  Coast  Sur- 
vey, Tendered  unnecessary  any  more  extended  operations  in  the  field  at  this  time  than 
an  examinatiou  of  such  portions  of  the  river  as  were  shown  on  the  map  of  that  sar- 
vey to  have  a  channel-way  of  less  depth  than  that  desired  to  be  obtained,  in  order  to 
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determine  what,  if  any,  changes  had  occurred  in  the  position  and  depth  of  the  channel, 
and  their  extent  and  character. 

The  result  of  an  interview  with  those  citizens  of  Fredericksburg  most  largely  inter- 
ested in  the  development  of  commerce  dependent  on  the  river  improvement,  indicated 
that  a  depth  of  10  feet  at  mean  low- water  would  be  a  sufficient  depth  to  m^et  all  the 
requirements  of  the  case.  The  examinations  were,  therefore,  confined  to  obstructions 
to  the  use  of  that  amount  of  water. 

Tide-Gauges  were  established  at  Fredericksburg  (head  of  navigation  and  tide- water) 
and  at  Port  Royal,  thirty  miles  below,  and  the  state  of  the  tides  recorded  at  every  half 
hour  from  6  a.  m.  to  6  p.  m.  during  the  continuance  of  the  survey,  which  commenced 
on  the  11th  and  was  completed,  in  so  far  as  the  weather  permitted,  on  the  15th  of 
November,  (both  dates  inclusive.) 

The  purvey  was  carried  on  with  a  yawl  boat;' soundings  were  made  with  a  graduated 
ro<l,  used  by  one  of  the  most  experienced  pilots  on  the  river,  and  angles  were  measured 
by  means  of  a  prismatic  compass,  checked  by  frequent  reference  to  established  points 
on  shore. 

Commencing  at  Fredericksburg,  the  survey  was  carried  on  continuously  to  Port 
Royal.  On  arrival  at  that  place,  the  weather,  which  had  been  hitherto  extremely  favor- 
able, became  so  boisterous  and  inclement  as  to  preclude  the  hope  of  an  examination  of 
the  only  two  shoals  below  (Nanzatico  Reach  and  Naylor's  Hole)  within  the  limits  of  a 
reasonable  delay. 

The  Coast  Survey  chart  has  consequently  been  used  as  the  basis  for  calculation  at 
those  points  in  the  following  estimates,  and  without  any  probable  chances  of  error  in 
the  results,  as  the  opinions  of  all  those  acquainted  with  the  river  coincide  in  the  belief 
that  those  places,  being  beyond  the  influence  of  freshets  and  river-currents,  have  not 
changed  in  any  respect  since  1853  and  1854. 

The  obstructions  to  a  10-foot  navigation  (with  the  exception  of  a  few  old  and  dilapi- 
dated wrecks)  were  found  to  consist  of  bars  or  shoals,  formed  either  by  the  sudden  ex- 
pansion of  the  water-way  beyond  its  useful  width,  or  by  the  influence  of  tributary 
streams,  which,  checking  the  downward  flow  of  the  main  river  in  times  of  high  water, 
produce,  adjacent  to  their  debouches,  bars  of  sediment. 

Freshets  are  of  annual  occurrence,  sometimes  attaining  a  heighc  of  25  feet  above 
mean  low- water,  but  generally,  in  the  opinions  of  those  residing  near  the  river,  not  ex- 
ceeding from  12  to  16  feet  in  height.  The  mean  rise  and  fall  of  the  tides  is  reported  as 
2'  3'^  During  the  examination,  no  evidence  of  any  excessive  wash  of  the  river-banks 
was  observed.  They  are  generally  high  and  stable,  though  near  Spottswood's  Bar,  and 
at  several  other  places  below,  for  snort  distances  were  formed  slides,  caused  by  the 
weight  of  timber  above,  which  could  readily  be  remedied  by  clearing  the  slope9  for  a 
few  hundred  yards  back  from  the  river. 

The  tributaries  entering  the  Rappahannock  between  Fredericksburg  and  Port 
Roya^  are  few  in  number  and  unimportant  in  size;  whatever  of  injurious  effect  they 
may  produce  on  the  river  in  times  of  high  water,  must  be  attribute<l  to  their  action  in 
checking  the  downward  current  of  the  main  stream  by  their  discharge  at  an  obtuse 
angle,  as  their  drainage  areas  are  too  limited  in  extent  to  contribute  any  serious 
amount  of  sediment.  If  it  be  true  that  this  is  their  only  injurious  effect,  it  can  be 
rendered  innocuous  by  extending  their  entrance  into  the  river  in  a  direction  more 
nearly  coincident  with  the  current  of  the  latter. 

Commencing  at  Fredericksburg,  a  shoal  is  found  extending  along  the  whole  front  of 
the  town,  and  down  the  river  as  far  as  the  mouth  of  Deep  Run.  It  has  a  length  of 
1,800  yards,  and  from  four  to  seven  feet  of  water  on  it  at  present.  The  river-bed  here 
presents  the  appearance  of  a  general  elevation  or  plateau  throughout  its  whole  extent, 
and  it  appears  probable  that  a  channel  once  excavated  through  it  would  retain  its 
depth. 

The  next  shoal  is  that  known  as  Spottswood's  Bar,  four  miles  below  town,  where  the 
river  expands  in  width,  leaving  a  current  without  sufficient  force  to  maintain  a  regular 
channel.  Its  length  is  about  1,^  yards,  and  the  least  depth  about  six  feet  at  low-water. 

At  Castle's  Ferry,  eight  miles  below  Fredericksburg,  is  found  the  next  bar,  which 
arises  from  the  same  cause  as  the  one  above.  Its  length  is  700  yards,  and  depth  of 
water  at  present  8  feet. 

A  bar  of  slight  extent  is  found  at  Farleyrale  Reach,  four  miles  below  Castle's  Ferry 
having  a  length  of  350  yards,  and  a  depth  of  8  feet.  In  addition  to  the  bars  as  named 
above,  the  wrecks  of  five  or  six  small  vessels  obstruct  the  channel  opposite  Fredericks- 
burg, and  three  are  found  obstructing  the  "  cross-over  "  at  Spotts wood's  Bar.  They  are 
all  small,  and  can  be  easily  removed  by  blasting. 

No  other  obstructions  to  a  10-foot  navigation  at  low-water  are  fonnd  above  Port 
Royal ;  the  next  in  order  being  at  Nanzatico,  three  miles  below  that  town,  having  a 
length  of  800  yards,  and  a  depth  of  7  feet  at  present. 

Naylor's  Hole,  thirty  miles  below  Port  Royal,  and  just  above  Tappahannock,  is  the 
next  and  last  shoal.  At  that  point  the  river  has  a  loose,  sandy  bottom,  and  an  expanded 
water-way,  through  which  the  channel  meanders  with  insufficient  force  to  preserve 
stability  of  position  or  depth. 
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The  conflaence  of  opposing  tides,  which  also  occurs  here,  renders  a  bar  inevitable, 
it  has  a  length  of  800  yards,  and  a  least  depth  of  7  feet.  It  is  believed  that  any 
improvement  which  facilitates  the  movement  of  the  tidal  wave  above  this  will  tend  to 
remove  this  bar  lower  down  the  river,  and  to  a  position  where  its  tendency  to  increase 
will  be  lessened.  The  composition  of  all  the  shoals  and  bars  encountered  on  this  stream 
is  of  sand  and  mud,  easily  removable  by  dredging.  This  would  seem,  therefore,  to  be 
the  principal  work  required  to  effect  the  desired  improvement  of  the  river.  As  most, 
if  not  all,  of  the  bars  and  shoals  arise  from  conditions  of  the  river,  Indicating  a  greater 
■area  of  watei^way  than  the  low-tide  volume  of  the  river  can  supply  with  the  required 
4epth  of  water,  it  would  seem  that  a  system  of  '^training -dikes ''could  be  beneficially 
employed,  which  would  serve  to  regulate  the  dimensions  of  water-way,  facilitate  the 
movement  of  the  flood-tide  upward,  and  govern  and  direct  the  ebb.  This  system, 
which  might  be  usefully  applied  throughout  a  large  extent  of  the  river,  and  would 
probably  result  in  establishing  permanently  even  a  greater  depth  than  10  feet  at  low- 
water,  has  not  been  estimated  for  at  present,  as  will  be  seen  by  reference  to  the  accom- 
panying maps,  except  at  such  points  as  their  use  seemed  imperative. 

As  the  sinuosity  of  the  river,  its  narrowness  and  high  bluff  banks,  which  shut  out 
and  break  up  the  prevailing  winds,  will  render  essential  towing  or  steam  transports  in 
the  navigation  above  Port  Royal,  a  width  of  channel-way  has  been  adopted  of  one 
hundred  feet,  and  its  estimated  cost  is  as  follows : 

Channel  ICiO  feet  wide,  10  feet  deep  at  low- water : 

Fredericksburg  Bar: 

87, 000  yards,  at  2.5  cents S21,751 

200  feet  dike,  at  $2.50 500 

5  wrecks,  at  $500  each 2,500 

Total 24,750 

Spottswood's  Bar: 

50,000  yards,  at  25  cents 12,500 

600  feet  dike,  at  $2.50 1,500 

3  wrecks,  at  $600  each 1,800 

Total 15,800 

Castle's  Ferry  Bar: 

20.000  yards,  at  25  cents 5,000 

600  feet  dike,  at  $2.60 1,500 

6,500 

Farley  vale  Beach  : 
8,000  yards,  at  25  cents 2,000 

Nanzatico  Reach : 

26,000  yards,  at  25  cents 6,500 

1,200  feet  dike,  at  $2.50 3,000 

9,500 

Naylor's  Hole : 

27,000yard8,  at25cents 6,750 

l,a00  feet  dike,  at  $2.50 4,500 

11,250 

Making  a  total  cost  of 69,800 

Add  lOper  cent,  for  superintendence 6,980 

Add  10  per  cent,  for  contingencies 6,980 

83,760 

Accompanying  this  are  maps  of  all  those  places  where  bars  were  found  during  this 
survey,  and  one  or  two  places  which  were  indicated  as  having  less  than  10  feet  of 
water  on- the  Coast  Survey  map  of  1853-'54,  but  which  were  found  to  have  that  depth 
or  over  at  the  present  time. 

These  sketches  are  all  drawn  to  a  scale  of  Tjhrui  except  Nanzatico  and  Naylor's 
Hole,  which  are  on  a  scale  of  iohoo'    1*be  soundings  in  black  are  those  of  Coast  Survey » 
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made  in  1853-'54.  Those  in  red  are  the  depths  as  measured  during  the  recent  survey- 
The  location  and  extent  of  excavations  proposed  are  shown  in  red  outline,  shaded 
with  blue— the  proposed  dikes  in  red. 

Very  respectfully,  your  obedient  servant, 

N.  H.  HuTTOX, 
Civil  Engineer^  Assistant. 
Maj.  William  P.  Craighill, 

Corps  of  Engineers  J  U.  S.  J. 


Extract  from  report  of  Capt.  J.  K.  F.  Mansfieldy  Corps  of  Engineers,  o/1852. 

Washington  City,  November  26,  1852. 

Of  n   .•  «  «  •  *  *«  «  « 

I  made,  personally,  a  reconnoissance  of  the  river,  and  have  obtaiDed  the  following- 
information  : 

It  appears  that  in  1802,  and  as  late  as  1812,  ships  have  been  loaded  at  the  wharves  at 
Fredericksburg,  but  that  since  that  period  the  channel  has  been  gradually  filling  up  by 
deposits  brought  from  above  the  falls,  till  at  this  time  there  is  only  7  feet  of  water, 
at  nigh-water,  at  the  wharves,  and  about  8  feet  water  only  can  be  carried  at  high -water 
over  Hazel  Run  Bar,  one  mile  below  the  city,  and  about  the  same  depth  for  two  miles 
beyond  ;  thence  to  Spot  well's  Bar,  five  miles  farther,  there  is  about  10  feet  water  at 
high-water ;  thence  about  eight  miles  farther,  at  Moss  Neck,  there  is  a  reach  of  about 
two  miles  with  10  feet  water  at  high-water;  thence  at  Port  Tobago,  about  ten  miles 
below  Port  Royal,  the  channel  is  quite  crooked,  and  11  feet  of  water  at  high-water ; 
thence  at  Naylor's  Hole»  five  miles  above  Tappahannock,  the  channel  very  crooked  and 
9  to  10  feet  water  at  high-water  the  whole  distance  to  Tappahannock.  llie  indications 
aire  generally,  at  different  places,  about  10  feet  water  at  high- water,  till  Tappahannock 
be  passed,  and  the  bottom  is  represented  as  of  sand  and  lumpy.  The  river  is  narrow  at 
Fredericksburg,  and  continues  so  for  miles  below,  widening  very  gradually  till  Port 
Royal  is  reached,  say  forty  miles  below  the  city,  when  it  bej^lns  to  expand  rapidly,  and 
finally  attains  a  width  of  about  four  miles,  with  a  tortuous  channel  and  extensive  shoals 
on  either  side,  varying  according  to  particular  localities. 

There  is  no  bar,  however,  at  its  mouth  as  it  enters  the  Chesapeake  Bay,  and  it  may 
be  looked  upon  as  an  arm  of  this  bay,  extending  up  as  far  as  Port  Tobago,  ten  miles 
below  Port  Royal,  and  eighty  miles  from  it«  mouth. 

This  river  may  be  called  one  hundred  and  thirty  miles  lon^  from  the  falls  at  Frede- 
ricksburg to  its  mouth,  and  it  maintains  a  general  uniform  direction  from  the  interior 
of  the  State ;  at  Fredericksbure  a  canal  slack-water  navigation  of  fifty -six  miles  up 
the  valley  of  the  RappahannocK  to  Waterloo  connecting  with  it,  and  thus  it  is  made 
an  important  means  or  transpostation  of  about  one  hundred  and  eighty  miles  from 
Chesapeake  Bay  into  the  interior,  by  water,  independent  of  the  connection  it  has,  and 
will  have,  eventually,  with  railroad.  Its  banks  are  generally  high  and  present  a  per- 
manent slope,  and  the  freshets  of  the  river,  which  are  of  short  duration,  probably 
never  exceed  20  feet  in  height,  and  are  but  slightly  felt  below  Port  Royal. 

The  country  throughout  the  whole  extent  of  this  river  is'in  a  high  state  of  cultiva- 
tion, and  it  is  very  important  as  one  of  the  arteries  of  coastwise  commerce  to  the  ex- 
tent of  about  $4,000,000  annually. 

I  have  thus  shown  the  obstacles  to  the  navigation  of  this  river  to  be  simply  the  de- 
posits of  mud,  sand,  &c.,  washed  into  the  channel,  and  the  crooked  channels  through 
the  broad  bed  of  the  river  as  it  expands  into  an  arm  of  the  Chesapeake ;  and  it  would 
appear  that  there  can  be  no  difficulty  in  the  way  of  restoring  this  oeautiful  river  to  its 
original  usefulness  as  a  highway  of  commerce  for  the  whole  country,  and  particularly 
to  the  city  of  Fredericksburg  and  Falmouth,  where  there  are  established  flouring  mllla 
and  cotton  manufactories. 

I  am,  very  respectfully,  your  most  obedient  servant, 

Jos.  K.  F.  Mansfield, 
Captain  Corps  Engineers,  and  Brevet  Colonel. 

Bvt.  Brig.  Gen.  Jas.  G.  Totten, 

Chief  of  Engineers. 

Commercial  statistics, 

CusTOM-HousE,  Tappahannock,  Va., 

Collector's  Office,  August  10, 1874. 
Sir:  I  have  the  hooor,  in  reply  to  yours  of  the  14th  ultimo,  to  state  that  the  Rappa> 
bannock  River  below  Fredericksbuig  is  situated  in  the  customscoUection -district  of 
Tappahannock,  Va. 
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2d.  That  dnriug  the  fiscal  year  ending  June  30, 1874,  there  was  no  revonae  collected 
at  the  port  of  Tappahannock. 

3d.  There  is  no  other  port  of  entry  on  the  Rappahannock  below  Fredericksburg. 
There  is  a  port  of  delivery  at  Urbana,  on  said  river. 

4th.  There  is  a  very  extensive  freighting  business  carried  on  by  means  of  the  river 
•on  the  following  articles,  viz :  Grain,  tobacco,  cord- wood,  ship- timber,  railroad-ties, 
lumber,  oysters,  &c. 

Very  respectfully,  your  obedient  servant, 

James  J.  McDonald, 
Special  Deputy  Collector, 
Maj.  William  P.  Craiohill, 

Corps  of  Kiigineers* 


U    14. 

IMPROVEMENT  OF  AQUIA  CREEK,  VIRGINIA. 

It  having  been  found  inexpedient  to  begin  the  improvement  with  the 
«mall  appropriation  of  $1,500  of  June  10, 1872,  it  was  held  in  hand  to 
await  a  further  appropriation  by  Congress.  The  new  appropriation  of 
March  3, 1873,  was  $2,000.  Proposals  were  received  April  29, 1873,  for 
excavating  a  channel  from  the  draw  in  the  railroad  bridge  toward  the 
"  Narrows"  above,  to  be  20  feet  wide  at  bottom  and  4  feet  deep  at  mean 
low-water,  but  they  were  too  high,  and  their  rejection  was  recommended, 
^ud  that  the  work  be  again  postponed.  A  special  report  was  made 
May  21, 1874,  as  follows : 

United  States  Enginrbr  Office, 

Baltimore^  Md.,  May  21,  1874. 
General  :  lu  reply  to  telegram  of  this  date  I  haye  the  honor  to  state,  that  I  should 
he  nu willing  to  promise  any  useful  results  at  Aquia  Creek  for  a  sum  less  than  the  esti- 
mate submitted  with  my  last  annual  report :  and  it  is  proper  I  should  add  that,  on  ac- 
count of  the  unusual  softness  and  fluidity  of  the  material  tihere,  the  channel  excavated 
even  with  that  sum  would,  in  all  probability,  not  be  permanent,  but  would  very  soon 
require  re-excavation. 

Constant  dredging  will  be  needed  to  keep  a  channel  open  there,  at  a  greater  expense , 
it  now  seems  to  me,  than  the  interests  involved  justify.  This  is  my  candid  opinion. 
8till,  if  Congress  should  think  lit  to  appropriate  any  sum  in  addition  to  funds  now 
available,  I  should  endeavor,  if  charged  with  its  expenditure,  to  use  it  so  as  to  produce 
«ome  useful  effect,  however  small  and  temporary  that  effect  might  bo. 
Very  respectfully,  your  obedient  servant, 

W.  P.  Craigiiill, 
Major  of  Engineers. 
Brig.  Gen.  A.  A.  Humphukys, 

Chi^  of  Engineers^  U.  S,  A. 

Afjuia  is  in  the  collection-district  of  Alexandria. 

The  total  thus  far  appropriated  for  this  work  is  $^1,500.  The  estimate  was  $18,000. 
Hence  it  remains  to  appropriate  $14,500  to  fill  it.  The  whole  amount  should  be  avail- 
able at  once,  or  the  work  not  begun. 

Observation  of  several  years  induces  the  opinion  that  it  is  doubtful 
whether  the  interests  involved  are  of  sufficient  value  to  justify  so  large 
an  expenditure  at  this  locality,  when  the  probabilities  of  a  success  in 
the  permanence  of  the  improvement  are  small. 

Financial  statement 

Balance  in  Treasury  of  the  United  States  July  1,  1873 $2,900  00 

Amount  in  hands  of  officer  and  subject  to  his  check 466  45 

Amount  expended  during  the  fiscal  year  ending  June  30, 1874 137  39 

Amount  available  July  1, 1874 3,229  03 

Amount  required  for  the  fiscal  year  ending  June  30,  1876 14, 500  00 
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U  15. 

IMPROVEMENT  OF  NOMINI  CREEK,  VIRGINIA. 

On  the  30th  of  Juqe,  1873,  Mr.  G.  H.  Ferris  was  engaged  in  excavating 
a  channel  through  the  bar  at  the  mouth  of  the  creek.  After  completing 
two  cuts,  connecting  deep  water  in  Nomini  Creek  with  that  of  the  bay,, 
operations  were  suspended  September  17.  The  examination  made  im- 
mediately after  the  close  of  work  showed  a  channel  about  50  feet  wide 
at  bottom,  with  a  ruling  depth  of  7  feet  at  mean  low-water.  A  re- 
examination of  the  artificial  channel  made  in  June,  1874,  disclosed  the 
fact  that  the  channel  maintained  quite  well  its  former  dimensions,, 
although  some  filling  has  taken  place. 

Nomini  Creek  is  in  the  oollection-distrlct  of  Alexandria,  which  is  also  the  nearest 
port  of  entry. 

No  proposals  were  received  during  the  year. 

Cost  of  improving  creek,  as  per  original  estimate,  $20,000.  Appfopriated  March  3, 
1873,  $10,000,  and  June  23,  1874,  $6,000— total,  $16,000.  To  complete  the  estimate 
rigorously  $4,000  are  needed ;  bnt  this  is  a  oase  where  the  whole  appropriation  should 
have  been  made  at  once. 

Interruption  of  the  work  has  caused  it  to  be  more  expensive,  hence 
$6,000  are  asked  for  year  ending  June  30,  1876. 

Financial  statement. 

Balance  in  Treasury  of  United  States  July  1,  1873 87,500  00 

Deduct  amount  expended. in  fiscal  year  1872-73 850  46 

Amount  appropriated  by  act  approved  June  23,  1 874 6, 000  00 

Amount  expended  during  the  hscal  year  ending  June  30, 1874 5, 619  94 

Amount  available  July  1, 1874 7,029  60 

Amount  required  for  the  fiscal  year  ending  June  30, 1876 6, 000  00 


U  16. 
IMPROVEMENT  OF  THE       MES  RIVER,  VIRGINIA. 

The  operations  of  the  year  have  been  of  the  same  character  as  of  the 
previous  year,  and  may  be  described  in  general  by  the  language  used 
in  the  last  annual  report,  viz : 

Removing  rocks  from  the  channel  near  the  city  of  Richmond,  especially  at  the 
Rockett's  Reef,  dredging  on  the  bars,  and  depositing  the  material  behind  dikes  con- 
structed partly  for  that  purpose  and  partly  to  rectify  the  banks  and  contract  the  water- 
way In  some  places  where  needed. 

The  work  has  been  exceedingly  unfortunate  in  losing,  by  death,  Mr. 
W.  G.  Turpin,  who  was  the  assistant  engineer  on  the  part  of  the  United 
States  and  the  engineer  for  the  city  in  the  joint  operations  for  the  im- 
provement of  the  river.  He  was  prostrated  by  typhoid  fever  in  October, 
1873,  and,  after  continuing  in  a  feeble  state  of  health,  finally  passed 
away  quite  suddenly  in  June,  1874.  I  have  felt  this  stroke  severely,  as 
my  relations  with  Mr,  Turpin,  both  official  and  personal,  were  of  the 
most  agreeable  character.  He  was  an  upright,  zealous,  and  efficient 
officer.  In  addition  to  this  loss,  the  work  suffered  another  in  the  death 
of  Mr.  K  B.  Randolph,  clerk  and  general  assistant,  who  died  in  Febru- 
ary, 1874. 

On  the  30th  of  June  a  channel  is  found  125  feet  wide,  and  with  a 
depth  of  15J  feet  at  high-water,  through  the  Eocketts'  Reef,  which  has 
been  always  the  most  serious  and  dreaded  obstruction  in  reaching  the 
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wharves  of  the  city.  Other  dangeroas  masses  of  rock  have  also  been 
taken  ont  near  that  channel  and  in  other  parts  of  the  river  in  the  vicinity. 
The  means  nsed  in  this  work  are  the  diamond  drill  as  the  borer,  nitro- 
glycerine as  the  explosive,  a  simple  hoisting-apparatus  for  lifting  the 
large  masses,  the  assistance  of  divers  being  necessary.  Mach  rock  is 
so  shattered  by  the  explosions  as  to  be  reduced  to  a  fit  state  for  taking 
out  by  the  buckets  of  the  dredges.  The  following  are  reported  as  the 
quantities  removed  on  the  reef , and  near^  viz : 

Nine  hnndred  and  fifty-eigbt  cubic  yards  of  rock  in  masses,  1,631  yards  in  smallpieces, 
lifted  by  the  dredges,  and  t§9  yards  of  sand  and  gravel.  One  pound  of  nitro-glycerine 
has  l)een  nsed  to  each  2^  cubic  yards  of  rock.  The  nitro-glycerine  is  made  and  used 
by  Mr.  C.  L.  Kalmbach.  Ninety-five  holes  have  been  drilled,  in  length  aggregating 
819  feet 

The  sickness  and  death  of  Mr.  Turpin  and  Mr.  Randolph  have  left 
the  statistics  of  the  year  in  a  somewhat  unsatisfactory  condition.  From 
the  1st  of  October,  1873,  to  June  30,  1874,  about  89,000  cubic  yards  of 
sand  and  river-sediment  have  been  taken  out  from  the  bars  near  the 
city.  The  principal  dike  built  has  been  near  Kichmond  Bar,  near  the 
left  bank  of  the  river,  of  which  1,515  feet  have  been  completed  up  to 
June  30, 1874.  It  was  begun  in  February,  1874.*  A  portion  of  the  dike 
on  the  right  bank,  which  was  built  several  years  ago,  by  Captain  Minor, 
for  the  city,  nearly  opposite  this  new  dike,  has  been  taken  up,  as  it  was 
improperly  located  and  in  a  position  to  do  injury  to  the  river. 

Some  extracts  of  interest  are  appended  below,  taken  from  the  last 
report  made  by  Mr.  Turpin  in  his  capacity  of  engineer  for  the  city.  He 
explains  the  method  of  conducting  the  joint  operations  by  the  United 
States  and  the  city  of  Eichmond,  and  refers  to  other  important  matters 
connected  with  the  improvement,  in  which  he  took  such  an  intelligent 
and  active  part. 

A  careful  resurvey  of  the  river,  extending  from  the  ship-lock  at  the 
city  to  Trent's  Keach,  and  including  the  Dutch  Gap  Cut-off,  was  com- 
menced in  November,  1873,  and  complet^ed  in  March,  1874,  by  Mr.  Wil- 
liam Popp.  Its  object  was  to  note  the  changes  made  by  nature  and  art 
since  the  last  maps  and  the  partial  examinations  of  1870,  and  to  give 
the  basis  for  a  careful  revision  of  the  estimate  for  the  continued  im- 
provement of  the  river.  This  estimate  is  submitted  below.  Two  esti- 
mates are  given,  one  for  a  channel  180  feet  wide  and  15  feet  deep  at 
high-water,  the  other  180  feet  wide  and  18  feet  deep  at  high-water.  It 
is  only  necessary  at  present  to  consider  the  smaller  depth.  The  greater 
depth  can  be  given  when  the  trade  on  the  river  requires,  which  is  not 
the  case  at  present.  The  operations  of  the  year  ending  June  30, 1876, 
will  have  for  their  object  the  attainment  of  a  depth  of  15  feet  at  high- 
water,  as  high  as  Kichmond,  and  of  fis  great  width  as  the  funds  will 
admit. 

The  appropriations  by  Congress  have  been  $50,000  July  11,  1870 ;  $50,000  March  3, 
1871;  $50,000  June  10,  1872;  $75,000  March  3,  1873;  $50,000  June  23,  1874;  total, 
275,000,  of  which  there  is  now  available,  in  money  and  j)roperty,  $70,000. 

The  estimate  of  1870  for  dredging,  diking,  and  rock-excavation,  for  a 
channel  180  by  15  at  high- water,  w^as  $120,000.  Up  to  that  time  no  work 
had  been  done  on  the  James  River  by  the  United  States.  The  prices 
in  that  estimate  were  taken  from  information  obtained  in  Eichmond  and 
supposed  to  be  reliable.  Actual  experience  shows  them  to  have  been 
too  low.'    Besides  the  work  done  in  dredging,  diking,  and  rock-excava- 

•  Two  thousand  one  hundred  and  fifty  feet  of  diking  at  north  end  of  Drewry's  Island 
havo  also  been  built  during  the  year.^       ^ 


Digitized  by  LjOOQ  IC 


40  REPORT  OF  THE  CHIEF  OF  ENGINEERS. 

tion,  which  were  included  in  the  estimate,  835,000  of  the  above  sum 
were  spent  in  removing  wrecks  which  greatly  obstructed  the  channel, 
and  $5,000  in  deepening  a  portion  of  Dutch  Gap  Cut-off  to  18  feet, 
which  was  found  necessary.  In  the  report  of  1870  it  was  stated  that, 
in  a  freshet-river  like  this,  §15,000  would  be  annually  required  to  keep 
the  channel  open  when  made.  This  expense  has  fallen  and  will  fall 
on  the  annual  appropriations  from  1870  to  1874  inclusive.  It  is  nov^ 
estimated,  after  the  experience  of  these  years,  that  the  sum  of  $117,000 
will  be  needed  to  open  a  channel  180  feet  wide  by  15  feet  deep  at  high- 
water,  to  which  add  for  annual  repairs  after  freshets,  to  incdude  June  30, 
1876,  $30,000,  and  deduct  $60,000,  the  sum  now  available,  and  we  have 
$87,000  as  the  sum  asked  for  the  year  ending  June  30,  1876. 

A  letter  from  the  collector  of  customs  at  Richmond,  Va.,  dated  August 
14,  is  appended  hereto. 

Financial  Btatement 

Balance  in  Treasury  of  United  States  July  1, 1873 $115, 000  00 

Deduct  amount  expended  in  iiscal  year  1872-73 8,  :^58  23 

Amount  appropriat.ed  by  act  approved  June  23, 1874 50, 000  00 

Amount  expended  during  the  fiscal  year  ending  June  30, 1874 93, 596  46 

Amount  available  July  1,  1874 63,045  31 

Amount  required  for  the  fiscal  year  ending  June  30,  1876 87, 000  00 


Estimate  for  James  River  improrementy  1874,  the  depths  being  taken  at  mean  high-tcater. 

Canal-locks  to  Rocket ts' : 

Channel  180  feet  by  15  feet,  2,500  cubic  yards,  atSl  ..* §2,500 

Channel  180  feet  by  18  feet,  300  yards  rock,  afc  §10 3,000 

24,100  yards  other  material,  at  81 24,100 

Across  liookftttift'  R,ftpf  * 

Channel  180  feet  by  15  feet,  i.OOO  cubic  yards  rock,  at  810 10, 000 

Channel  180  feet  by  18  feet,  3,000  cubic  yards  rock,  at  8  LO 30, 000 

Rocketts'  to  lower  end  of  Drewry  Island  : 

Channel  180  feet  by  15  feet,  54,000  cubic  yards,  at  60  cents 32, 400 

Channel  180  feet  by  18  feet,  174,000  cubic  yards,  at  60  cento 104, 4t0 

Across  Richmond  Bar : 

Channel  180  feet  by  15  feet,  600  cubic  yards,  at  810 6,000 

78,000  cubic  yards  sand,  at  45  cents 35,  lOU 

Channel  180  feet  by  18  feet,  1,200  cubic  yards  rock,  at  810 12,000 

214,000  cubic  yards  sand,  at  45  cents 96,300 

Dikes,  3,000  cubic  feet,  at  83.50 10,500 

Across  Warwick  Bar : 
Channel  180  feet  by  15  feet.     No  excavation. 

Channel  180  feet  bv  18  feet,  40,000  cubic  yards,  at  45  cents 18,  OCO 

Dikes,  1,350  feet,  at  83.50 4,725 

Kingsland  Reach : 
Channel  180  feet  by  15  feet.    No  excavation. 

Channel  180  feet  by  18  feet,  13,000  cubic  yards,  at  45  cents 5, 850 

Dikes,  2,200  feet,  at  83.50 7,700 

Dutch  Gap  Cut-off" : 
Channel  100  feet  by  15  feet.    No  excavation. 

Channel  120  feet  by  18  feet,  23,700  cubic  yards,  at  60  cents 14, 220 

Channel  180  feet  by  18  feet,  85,000  cubic  yards,  at  60  cents 51, 000 

At  Aikens's,  (old  estimate  as  for  quantities  :) 
Channel  180  feet  by  15  feet.    No  excavation. 

Channel  180  feet  by  18  feet,  48,000  cubic  yards,  at  35  cents 16,  800 

Dikes,  1,200  feet,  at  84 4,800 

Harrison's  Bar : 
Channel  180  feet  by  15  feet.    No  excavation. 
Channel  180  feet  by  18  feet,  1,500  cubic  yards,  at  50  cents 750 
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Total  amount. 

Channel  180  feet  by  15  feet $110,720 

Add  for  contingencies 6,280 

117,000 


Channel  180  feet  by  18  feet •- ! 388,925 

Add  for  coutiugenciea 20,000 

408,925 


Extracts  from  report  of  Mr.  W.  G.  Tarpin,  lohile  engineer  for  the  city  of  Richmond. 

Richmond,  Va.,  January  19, 1874. 

Sir:  I  submit  the  following  report  of  the  operations  for  the  improvement  of  James 
River  for  the  past  year,  giving  Him  condition  of  the  improvement-fund,  the  expenditures 
made  during  the  year  by  order  of  the  committee,  in  making  such  additions  to  the  ma- 
chinery and  outfit  owned  by  the  city  as  was  indispensable  to  an  efficient  conduct  of  the 
work,  and  in  keeping  such  machinery  in  good  working-order,  and  under  their  agree- 
ment with  the  United  States  engineer-officer  in  charge  to  supply  such  machinery  and 
outfit  as  would  be  sufficient  to  meet  the  outlay  they  were  prepared  to  make  in  the 
prosecution  of  the  work. 

In  an  elaborate  report  submitted  to  the  council  in  May  last,  after  the  complete  in- 
■anguration  of  the  joint  arrangement  for  the  river  improvement,  and  the  satisfactory  de- 
monstration of  the  advantages  resulting  therefrom,  and  the  certainty  of  executing  a 
greater  amount  of  work  than  under  any  other  plan,  and  at  less  cost,  the  council  was 
informed  of  the  arrangement. 

•Briefly  once  more,  that  no  one  who  will  take  the  trouble  to  read  this  report  may 
misunderstand  the  arrangement,  I  detail  it :  The  joint  committee  agree  to  keep  their  ma- 
chinery in  good  order,  and  from  time  to  time  make  such  additions  as  to  keep  the  outfit  up 
to  the  most  efficient  standard.  The  United  States  engineer-officer  to  have  control  of 
the  machinery  so  far  as  operations  on  James  River  were  concerned,  he  agreeing  to 
pay  all  salaries  and  wages  connected  with  the  machines,  and  for  the' distribution  of 
the  materials  when  deposited  behind  the  dikes;  to  furnish  all  the  fuel  and  lubricators 
necessary  to  run  the  machines.  Thus  far,  this  arrangement  went  into  effect  January  1, 
1873.  On  the  1st  of  March,  all  expenses  attending  the  construction  of  dikes,  office-rent, 
clerical  salaries,  and  attendant  expenses  were  assumed  by  the  Government.  The  ar- 
rangement was  terminable  at  the  pleasure  of  either  party ;  so  the  matter  has  always 
been  under  the  control  of  the  committee,  if  the  interests  of  the  city  were  and  could  be 
separate  from  those  of  the  Government,  in  the  improvement  of  James  River.  I 
was  active  in  bringing  this  arrangement  abont,  seeing  very  clearly  that  nothing  I 
could  do  would  tend  so  much  to  the  successful  progress  of  the  work.  I  am  glad  to 
know  that  my  expectations  have  been  fully  realized.  In  this  connection  it  may  be 
gratifying  to  the  committee  to  know  that  their  eftbrts  in  furtherance  of  all  plans  for  a 
vigorous  prosecution  of  the  work  have  met  the  cordial  indorsement  of  Colonel  Craighill, 
United  States  Engineer  Corps,  controlling  the  improvement  of  rivers  and  harbors  in 
Virginia. 

The  machinery  of  the  city  is  now  in  first-rate  order;  $150,000  would  not  now  supply 
as  complete  or  more  serviceable  outfit  than  that  owned  by  the  city. 

Without  addition  to  the  present  outfit,  and  having  no  unforeseen  accidents,  I  think  that 
$1,000  per  month,  or,  say,  $12,000  for  the  year  1874,  will  be  ample  to  conduct  the  work 
as  now  carried  on  in  conjunction  with  the  United  States.  As  we  are  reaching  work  of 
easier  execution,  I  am  strongly  in  hopes  that  the  expense  of  repairs  will  be  less  than  I 
have  estimated.  One  thing  is  certain :  they  will  in  the  future,  as  in  the  past,  be  kept 
as  low  as  possible.  None  that  were  not  needed  have  been  or  will  be  made,  but  the 
committee  are  assured  that  the  most  expensive  work  done  is  that  attempted  in  sub- 
marine operations  with  inefficient  machines;  hence,  a«  is  my  custom,  and  it  is  true 
economy,  our  machines  have  been  kept  up  to  the  highest  standard  of  efficiency. 

During  the  year  122,686  cubic  yards  have  been  dredged  and  placed  behind  the  dikes 
and  distributed  ;  2,540  linear  feet  of  dikes  have  been  completed ;  738  cubic  yards  of 
rocks,  broken  by  blasting  at  Rocketts'  Reef,  were  raised  by  one  of  the  dredges ;  105 
bowlders,  requiring  the  aid  of  divers,  have  been  removed  from  the  channel  between  the 
brick-yard  and  the  lower  point  of  Drewry's  Island,  causing  the  loss  of  much  time  and 
damage  to  the  machinery.  These  bowlders  raised  varied  in  size  from  one-half  to  six 
cable  yards,  and  hundreds  of  others  wore  raised  by  the  ordinary  process  of  dredging. 
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Many  of  them  had  large  masses  of  copper-sheathing  ground  into  them^  showing  that 
they  had  been  repeatedly  strack  hard  by  passing  vessels. 

The  United  States  expenditure  during  the  same  period  in  conducting  their  part  of 
the  joint  operations  was  9^2,439.27,  or  $5,203.27  per  month,  making  the  cost  per  cubic 
yard,  inclusive  of  the  dikes,  50.9  cents  per  yard.  The  repairs,  or  portion  borne  by  the 
city,  was  $18,151.95,  or  14.7  cents  per  cubic  yard.  The  total  cost  per  vard  being  65.6 
cents.  The  dikes  completed  will  contain  many  thousand  cubic  yards  in  addition  to 
what  has  been  deposited  behind  them.  Before  the  joint  arrangement  for  the  conduct  of 
the  work  could  be  entered  into,""  advertisements  were  extensively  published,  asking 
proposals  for  the  execution  of  this  work  by  contract.  The  lowest  bid  received  was 
81.50  per  cubic  yerd,  and  only  sand,  gravel,  and  small  bowlders  were  covered  by  the 
bid,  and  exclusive  of  dikes,  that  were  to  be  furnished  for  the  deposition  of  the  ma- 
terial, either  by  the  city  or  the  Government.  Under  this  law  the  bid  could  have  been 
accepted,  but  was  not,  and  under  authority  from  the  War  Department,  Colonel  Crai^- 
hill  accepted  my  plan,  now  in  successful  operation.  At  $1.50  per  yard  the  122,686  cubic 
yards  would  have  cost  $184,0*^,  and  long  before  tbe  end  of  the  year  all  the  funds  of 
the  Government  would  have  been  exhausted.  At  the  beginning  of  the  year  1873  the 
funds  of  the  city  wure  inadequate  to  have  operated  their  machinery  anything  like  to 
its  capacity  for  the  year.  So  that  but  for  this  joint  oapration  work  would  now  be  sus- 
pended on  James  River.  As  it  is,  the  Government  fund  will  carry  the  work,  on  the 
present  scale,  to  the  first  of  August  instant,  even  should  no  further  appropriation  bo 
made  by  Congress,  in  addition  to  continuing  the  removal  of  Rocketts'  Reef. 

The  operations  at  Rocketts'  Reef  are  conducted  by  the  Government  wholly.  Since 
the  work  was  commenced,  in  June,  1872,  2,102  cubic  yards  of  solid  rock  have  been 
blasted  from  the  bed  of  the  river,  and  removed,  and  4,307  cubic  yards  of  the  hard,  ilis- 
integrating  rook  have  been  removed  by  dredging.  During  the  next  six  mouths  the 
danger  and  obstruction  to  navigation  at  this  point  will  all  be  removed.  We  have  now 
a  channel  of  70  feet  in  width,  with  full  15  feet  at  low-tide,  which  will  give 
upwards  of  18  feet  at  mean  high- water. 

The  year  was  not  a  favorable  one  for  submarine  operations.  During  the  year  55^ 
days  were  lost  from  ice,  high-water,  and  currents  so  strong,  consequent  therefrom,  that 
the  machines  could  not  hold  their  positions  in  the  channel.  In  the  five  first  mouths* in 
the  year  the  rain-fall  in  the  city  was27  inches,  and  for  the  whole  year  was  53.32  inches. 
During  the  month  of  May,  for  seventeen  consecutive  days,  every  machine  was  idle,  the 
river  being  from  2^  to  8  feet  above  ordinary  high-water.  I  have,  in  a  number  of  pre- 
vious reports,  endeavored  to  explain  that  the  difficulties,  and,  for  the  distance,  the 
greatest  proportional  cost  attending  the  improvement  of  James  River  was  from 
the  outlet  from  the  docks  to  the  lower  point  of  Drewry's  Island.  Numerous  points  of 
solid  rock  are  found  in  the  harbor;  some  of  the  most  dangerous  of  these  have  been  re- 
moved. Then,  the  Rocketts'  Reef,  460  feet  long,  over  which  space  a  large  mass  of  solid 
rock  is  encountered.  Then,  from  the  brewery  to  the  brick-yard  was  the  shoalest  reach 
on  James  River,  at  ordinary  high  tides,  aifording  not  over  irom  10  to  10^  feet  of  wator. 
The  material  excavated  from  this  reach  almost  rivaled  rock  in  toughness  and  diffi- 
culty of  excavation.  Several  times  I  almost  despaired  of  its  excavation  by  dredging- 
macbines;  but  perseverance  at  last  enabled  us  to  complete  a  channel  through  it  about 
100  feet  wide,  and  with  no  less  than  16  feet  water  at  mean  high-tides.  Over 
most  of  the  distance  the .  standard  depth  of  18  feet  was  secured.  Where  t\'c 
did  not  obtain  18  feet  narrow  ledges  of  solid  rock  were  encountered,  that  will 
be  removed  by  drilling  and  the  use  of  nitro-glycerine.  These  points  are  not  nu- 
merous or  extensive,  and  such  removals  are  made  by  the  United  States  engineers 
exclusively,  and  on  Government  account.  Had  this  work  not  been  accomplished  with 
dredgtng-machines,  its  cost  from  the  use  of  explosives  would  have  been  very  great,  so 
great  that  I  would  hardly  have  deemed  its  undertaking  at  this  time  or  within  the  past 
three  years  judicious,  and  it  would  have  required  years  for  its  execution.  From  the 
brick-yard  to  the  lower  end  of  Drewry's  Island  there  was  a  gradual  improvement,  the 
disintegrating  rock  gradually  sinking  and  more  sand  and  gravel  being  encountered , 
until,  at  the  lower  end  of  the  island,  from  19  to  20  feet  of  water  at  high-tides  can  be 
obtained  without  encountering  it.  The  opening  of  this  reach  and  removal  of  Rocketts' 
Reef  was  the  key  to  reaching  the  harbor  of  Richmond.  I  did  not  deem  it  judicious  to 
operate  on  the  lower  reaches  that  are  easy  of  execution,  until  it  was  demonstrated  that 
this  work  could  be  accomplished.  In  this  view  of  the  case  I  was  fully  sustained  by 
Colonel  Craighill  and  the  committee,  though  the  general  plan  on  rivers  is  to  begin  on 
the  lower  reaches  and  work  up-stream.  All  material  dredged  from  the  river  is  placed 
behind  dikes  constructed  for  that  purpose,  and  a  rectification  of  the  width  of  the  river. 
I  am  aiming  on  this  reach  to  secure  an  average  width  of  about  800  feet.  These  dikes 
also,  while  securing  the  material  dredged  from  the  channel,  give  a  certainty  of  not 
again  having  to  remove  it  from  the  channels.  They  also  have  the  effect  of  making  tho 
currents  uniform,  and  tend  to  prevent  accretions  on  the  reaches,  -where  they  can  be 
constructed.  I  am  gratified  to  Know  that  these  improvements  are  having  this  effect. 
They  also  have  the  effect,  in  connection  with  the  removal  of  the  bars,  of  increasing  the 
tidal  flow,  and  when  completed,  in  accordance  with  the  proposed  plan^for  the. river 
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improvements,  will  have  a  marked  e£fect  in  increasing  the  dnration  of  the  flood-tide^ 
and  snch  increase  will  canse  an  increase  in  the  height  of  the  flow,  the  difference  here 
between  the  dnration  of  the  ebb  and  flow  tides  being  abont  one  hour  and  thirty-five 
minutes.  Whatever  tends  to  their  equalization  is  of  great  importance,  especially  as  the 
larger  class  of  vessels  seeking  our  harbor  must  be  governed  by  high-tides.  During  the 
past  year  the  tidal-flow,  owing  to  the  geueral  prevalence  of  east  and  northeasterly 
winds,  was  uncommonly  good,  for  months  averaging  a  mean  rise  of  4  feet,  and  on  such 
tides  13  feet  could  be  brought  to  the  citjr  with  ease. 

The  necessity  of  going  so  fully  into  minute  details  connected  with  the  operation  of 
the  Government  operations,  so  that  a  correct  understanding  may  be  had  of  the  gen- 
eral condition  of  the  improvement,  must  be  my  apology  for  the  length  of  this  report. 

At  the  expense  of  being  tedious,  I  will  submit  a  few  observations,  not  for  the  benefit 
of  the  committee,  but  for  those  who  have  not  the  opportunity  of  familiarizing  them- 
selves with  the  improvement.  I*  hear  the  remark  frequently  made  that  the  money  is 
being  wasted ;  that  no  good  was  being  done  to  the  river ;  that  there  is  no  more  water 
in  the  river  than  before  the  work  began ;  that  it  was  nonsense  to  attempt  to  improve 
James  River.  While  the  work,  as  far  as  it  has  progressed,  has  been  costly  and  tedious- 
of  execution,  I  do  not  feel  that  the  money  spent  in  its  execution  has  been  wasted  in 
any  particular.  Large  expenditures  had  to  be  made  in  the  purchase  and  construction 
of  costly  machinery  and  other  appliances,  without  which  nothing  could  bo  accom- 
plished, and  the  work  executed  will  compare  most  favorably  proportionally  to  the 
difficulties  attending  its  execution,  with  any  similar  work  in  the  United  States.  I 
make  this  statement  from  an  extended  and  careful  comparison  with  prices  paid  at  the 
numerous  points  throughout  the  country  where  rivers  and  harbors  are  iniproveil  by 
the  United  States.  The  city  of  Glasgow  is  always  held  up  as  a  model  for  all  others 
situated  inland  as  an  example  of  what  can  bo  accomplished  by  those  determined  to 
become  commercial. 

That  city  owns,  and  keeps  constantly  at  work  on  the  Clyde  and  in  the  harbor,  six 
dredging-machines,  either  one  of  which  has  the  capacity  of  doing  more  than  double 
the  work  of  the  three  machines  owned  by  this  city.  The  engineer  of  the  Clyde  Trust, 
reports,  in  1872,  the  last  that  I  have  seen,  a  removal  of  345,2u9  cubic  yards  of  material, 
-  as  deposited  by  the  city  sewers  and  from  the  higher  reaches  of  the  river,  and  this  is  a 
yearly  tax.  Their  yearly  expense  is  about  $177,000.  The  value  of  their  dredging-plant 
is  alK)ut  ^00,000.  During  the  twenty-six  years  ending  with  1871,  the  expenditure  was 
$'^5,000,000,  and  13,617,000  cubic  yards  were  removed.  lu  addition  to  the  large  harbor 
facilities  for  shipping,  a  new  dock  is  now  under  construction,  estimated  to  cost  $7,500,000. 
lu  fact,  from  a  stream  fordable  at  many  points  below  Glasgow,  and  at  high-tide  with 
not  over  3^  feet  water  at  the  city,  a  magnificent  ship-canal,  about  400  feet  wide  and 
eighteen  and  a  half  miles  long,  has  been  constructed,  affording,  at  high  tide,  25  feet 
water,  and  with  a  low-water  depth  of  15  feet,  the  tidal  flow  being  10  leet.  Less  than 
(me-eighth  of  the  number  of  cubic  yards  excavated  on  the  Clyde  will  give  15  feet  water 
at  mean  low-tides  from  Richmond  to  Hampton  Roads,  a  distance  of  one  hundred  and 
four  miles.  For  many  of  the  facts  connected  with  the  Clyde  I  am  indebted  to  the 
managing  director  of  the  improvement,  who  kindly  answered  numerous  inquiries  pro- 
pounded to  him  bv  me,  and  to  Stevenson's  work  on  Canal  and  River  Engineering,  edi- 
tion of  1872.  A  comparison  of  the  prices  of  similar  work  on  the  Clyde,  where  labor  is 
much  cheaper  than  here,  is  not  at  all  unfavorable  to  those  on  James  River.  By  the 
termination  of  the  present  fiscal  year,  .30th  of  June,  (instant,)  the  city  of  Baltimore,  in 
addition  to  the  large  amount  annually  expended  in  clearing  their  basin  and  immediate 
harbor,  (exceeding  the  average  yearly  expenditure  on  the  part  of  this  city  in  improv- 
ing the  river,)  will  have  spent  in  two  years  $400,000  in  Widening  and  deepening  the 
two  channels  leading  from  the  bay  into  the  Patapsco  River,  and  in  giving  them  24  feet 
water  at  mean  low-water ;  the  Government  spending  on  the  same  channels,  in  the 
same  time,  $')50,000.  So  it  will  be  seen  that  those  who  help  themselves  are  those  the 
most  liberally  aided.  Those  who  will  think  that  the  opening  of  the  shoalest  reach  on 
the  river,  over  one  mile  long,  and  of  material  of  the  hardest  kind  ever  attempted  by 
dredgin^-machinery,  is  a  waste,  or  that  the  removal  of  a  long  and  dangerous  reef  of 
rocks  just  at  the  entrance  to  the  harbor,  the  removal  of  dangerous  ledges  in  the  imme- 
diate harbor,  the  removal  of  hundreds  of  bowlders  and  detached  masses  of  granite  from 
the  chanoel,  large  numbers  of  them  requiring  the  aid  of  divers  and  the  powerful  ma- 
chinery of  the  United  States  to  raise  them  from  their  beds,  is  a  waste,  must  feel  but 
little  interest  in  the  commerce  of  the  city. 

The  practicability  as  well  as  the  feasibility  of  the  improvement  of  James  River  has 
repeatedly  been  decided  by  the  highest  professional  authority.  If  the  improvement  of 
rivers  and  harbors  was  an  untried  theory,  there  might  be  some  hesitancy  in  making  the 
experiment  with  James  River.  But  with  a  mean  rise  and  fall  of  the  tides  of  nearly  4 
feet,  and  the  immense  natural  discharge  of  the  river,  there  is  water  enough  for  an  im- 
provement, the  cost  of  which  will  be  small  in  comparison  with  the  great  interests 
served  and  to  be  served.  No  one  proposes  to  create  more  water,  but  the  intention  and 
plans  proposed  are  simply  to  conserve  the  ample  supply  in  existence,  and  make  it  serve 
the  purposes  of  navigation.    This  is  accomplished  by  removing  the  bars,  contraction  of 
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water-way  at  pointu  that  are  jndioious,  rectifying  the  direction  of  the  channel  at 
«ome  points,  and  by  these  means  reducing  the  slope  of  the  bed  of  the  river  for  a  few 
miles;  hence  the  velocity  of  the  water  is  diminished,  and  the  result  of  an  improved 
navigation  is  secured.  Pass  to  Drewry's  Bluff,  when  the  velocity  is  ]l>ut  slight  at  slack 
water,  and  there  is  water  enough  for  any  improvement  that  the  most  san^ine  may  have 
dreamed  of,  and  between  Richmond  and  City  Point  the  addition  to  the  natural  dis- 
charge of  the  river  is  one  not  appreciable.  This  increase  in  depth  is  due  to  the  low 
velocity,  and  this  water  daily  passes  by  our  city.  We  have,  for  a  few  miles  only,  to 
produce  the  same  condition,  or  an  approximation,  and  the  benefit  is  at  our  wharves. 
The  United  States  engineers  have  in  the  most  emphatic  mauner,  after  careful  study,  in- 
dorsed the  practicability  of  the  improvement,  and  each  year  recommend  the  appropria- 
tion for  carrying  it  out,  and  as  the  improvement  has  progressed  have  increased  their 
yearly  estimates.  But  no  surer  means  of  discontinuing  those  recommendations,  and 
<;ou8equently  the  appropriations,  can  be  fallen  upon  than  for  them  to  be  satisfied  that, 
in  the  sense  of  the  community  which  the  object  is  to  benefit,  .it  is  believed  that  the 
money  is  thrown  away,  and  that  no  good  has  been  or  is  to  result  from  the  expenditures. 

I  could  adduce  innumerable  iustances  of  the  successful  improvement  of  rivers  and 
harbors  in  our  own  country  and  Europe.  In  the  latter  country  numerous  streams,  that 
do  not  compare  in  natural  flow  of  water  with  many  of  our  xireeks,  are  at  great  cost  im- 
proved, and  the  result  is  large  inland  commercial  cities ;  but  the  details  would  make 
this  report,  already  long,  an  unreasonable  length. 

In  a  previous  report  I  called  the  attention  of  the  committee  to  the  great  improve- 
ment in  the  river  that  I  considered  practicable,  at  a  moderate  outlay,  from  the  restora- 
tion and  repair  of  the  dikes  between  this  city  and  City  Point.  Thousands  of  acres  are 
now  daily  submerged,  and  could  these  dikes  be  restored,  and  this  immense  waste  of 
water  be  prevented,  a  marked  improvement  in  the  strength  and  duration  of  the  flood- 
tides  would  be  the  result.  This  waste  of  water,  could  it  be  confined  to  the  river,  would 
make  a  depth  of  thirteen  inches  from  this  city  to  City  Point. 

This  report  would  have  been  submitted  at  the  close  of  the  year,  but  a  protracted 
illness  and  tedious  convalescence  must  be  my  apology  for  the  delay.  Thanking  your- 
self and  committee  for  the  encouraging  and  hearty  support  of  all  my  plans  and  sug- 
gestions for  the  successful  conduct  of  the  work,  and  the  uniform  personal  consideration 
received  at  their  hands, 

I  am,  very  respectfully,  your  obedient  servant, 

Walter  G.  Turpin', 

Engineer'  on  part  of  the  City. 
Col,  Albert  Ordway, 

Chairman  Joint  Committee  Improvement  James  Biver. 


Commercial  statistics. 

Custom-Hocse,  R1CH.MOXD,  Va., 

Collector's  Office^  August  14, 1874. 
Sir  :  Your  letter  to  me,  dat«d  14th  ultimo,  would  have  been  answered  before  this,  but 
I  desired  to  procure  information  not  then  in  my  possession,  and  which  I  hoped  might 
add  \^eight  to  the  rather  slender  data  furnished  by  the  records  of  this  office. 

In  reply  to  your  first  inquiry — what  anfount  of  customs-revenue  was  collected  at  this 
port  during  fiscal  year  ending  June  30,  1874 — I  refer  vou  to  the  following  figures,  viz 
1871-72,^104,645.83;  1872-73,^72,750.02;  1873-74,  $34,135.29 ;  which  show  rather  dis- 
couragingly,  even  when  it  is  borne  in  mind  that  the  duty  on  salt  was  reduced  in  1872 
from  24  cents  per  100  pounds  to  12  cents  per  100  pounds,  and  that  the  importation  of 
iron  from  foreign  countries  to  Richmond  was  first  curtailed  by  the  great  advance  caused 
by  strikes  in  England,  and  next,  and  as  at  present,  kept  down  by  the  efl'ects  of  the  panic 
of  1873.  The  amount  of  merchant  tonnage,  on  the  contrary,  shows  an  increasing  tend- 
ency. During  1873,  the  foreign  commerce  (tonnage)  noted  on  records  of  this  oflice 
stood : 

No.        Tong.        Total 

Foreign  vessels  entered 21      5, 927 

American  vessels  entered 14      2,283 

8, 210 

Foreign  vessels  cleared 31    11, 530 

American  vessels  cleared 29      9,773 

21,303 

During  first  seven  months,  1S74  : 

Foreign  vessels  entered 12      4,243      4,243 

American  vessels  entered N(n2. 

Foreign  vessels  cleared 25      8,066 

American  vessels  cleared 12      3,807 

11  era 
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As  by  far  our  heaviest  business  is  during  the  last  four  months  of  the  year,  it  is  already 
certain  that  the  tonnage  engaged  in  foreiigu  trade  with  Richmond  during  18^4  will 
much  exceed  that  of  previous  years. 

Extension  of  railroad  connection  with  the  West  has  brought  to  our  flouring-mills  an 
increased  supply  of  wheat,  and  the  Chesapeake  and  Ohio  Railroad,  developing  an  en- 
tirely new  traffic,  has  delivered  at  its  wharves  on  James  River,  for  water- transporta- 
tion, some  36,000  tons  of  produce  of  various  kinds  during  the  six  months  ending  June 
30,1874. 

The  deepening  of  the  channel  of  James  River,  though  satisfactory  as  far  as  carried, 
has  been  only  partial ;  and  while  obstructions  which  formerly  existed  in  certain  locali- 
ties have  been  removed  so  as  to  give  sufficient  depth  of  water  to  allow  safe  passage  of 
vessels  trading  with  this  port,  yet  in  other  places  obstructions  still  exist  which  render 
the  improvement  incomplete ;  hence,  that  full  advantage  may  be  realized  from  what 
has  been  done,  it  is  imi>eratively  necessary  that  a  corresponding  depth  should  be  given 
at  those  points,  thus  rendering  necessary  a  further  improvement  of  the  channel,  so  aa 
to  furnish  a  continuous  depth  of  water  ft'om  the  wharves  at  Richmond  to  City  Point. 

Vessels  now  arriving  in  the  James  River  from  foreign  ports  bound  for  Richmond  are 
comx>elled  to  discharge  cargo  at  City  Point  until  their  draught  of  water  is  reduced  to 
IH  to  12  feet  before  they  can  ascend  the  river  to  Richmond.  This  entails  heavy  ex- 
pense, and  causes  delay  and  embarrassment  to  both  captain  and  consignee.  Vessels, 
on  the  other  hand,  loading  for  foreign  ports,  can  only  ship  a  portion  of  cargo  at  Rich- 
mood,  and  must  (if  over  200  tons)  drop  down  to  City  Point  to  complete  lading.  This 
is  expensive  to  shippers,  and  takes  the  loading  of  their  property  away  from  that  per- 
sonal supervision  woich  is  so  desirable  on  the  part  of  the  shippers. 

The  exports  contributing  much  more  to  the  real  wealth  of  the  country,  and  there- 
fore of  much  greater  importance,  are  still  more  seriously  aflfected  by  the  present  ob- 
structions to  me  and  safe  navigation  of  the  James  River,  and  the  general  commerce 
of  the  country  is  thereby  embarrassed.  A  comparatively  limited  section  feels  the 
effect  of  the  imperfect  navigation  of  the  river  upon  imports  destined  for  this  port, 
which  might,  without  great  inconvenience,  be  received  through  other  ports.  But  such 
is  not  the  case  with  regard  to  articles  of  peculiar  product  or  manufacture  for  which 
Richmond  is  and  must  be  a  special  and  almost  exclusive  market  and  direct  outlet,  as 
flour  for  the  Brazilian  market  and  tobacco  for  the  European  markets. 

The  injury  to  commerce  by  existing  obstructions  to  free  navigation  of  the  James 
River  is  not,  however,  confined  to  Richmond,  or  even  the  State  of  Virginia,  but  affects 
the  commerce  of  the  entire  country.  The  extent  to  which  the  injury  reaches  it  is  im- 
possible to  state ;  but  it  is  well  known  that  every  impediment  to  cheap  and  rapid 
transportation  tends  to  diminish  the  products  of  a  country ;  as  they  are  increased 
alwaj'-s  by  increased  facilities  of  moving  them  to  points  where  they  are  needed  for 
consamption. 

The  area  of  country  at  this  time  tributary  to  the  commerce  of  Richmond  has  been 
greatly  enlarged  by  the  ext'Cnsion  of  inland  communication  with  the  West  and  South- 
west, and  is  likely  to  be  extended  on  a  vast  scale  when  the  western  connections,  now 
in  progress,  shall  have  been  completed. 

In  considering,  therefore,  the  benefit  likely  to  accrue  to  the  commerce  of  the  country 
Irom  prosecuting  the  improvement  of  James  River,  it  is  proper  to  take  a  much  wider 
and  more  national  view  than  is  presented  by  the  present  limited  commerce  of  Rich- 
mond, and  to  look  to  those  more  remote  sections  which  are  now  seeking  an  avenue  to 
the  markets  of  the  world  by  the  most  direct  route  to  the  seaboard. 

The  fostering  care  of  the  General  Government  is  now  directed  to  the  subject,  (espe- 
cially with  reference  to  the  completion  of  the  James  River  and  Kanawha  Canal,)  and 
the  statesmen  of  the  country  are  with  anxious  solicitude  turning  their  attention  to 
the  preaaing  demands  of  our  immense  and  rapidly-increasing  inland  population,  whose 
labor  is  now  unproductive  to  themselves  and  valueless  to  the  world  in  consequence  of 
their  inability  to  have  their  products  transported  to  the  seaboard  where  markets  await 
them. 

'  The  BQCoessfnl  improvement  of  James  River  will  at  least  furnish  an  additional  out- 
let for  this  vast  commerce,  and  induce  it,  or  a  portion  of  it,  to  seek  it  as  the  readiest 
avenne  to  the  seaboard,  and  thence  to  markets  at  home  or  abroad. 

In  a  national  point  of  view,  I  therefore  consider  ijb.  very  important  that  the  improve- 
ment of  James  Kiver  should  be  prosecuted  to  a  successful  termination,  in  order  to  ren- 
der practically  available  what  has  already  been  done,  by  furnishing  a  continuous 
depth  of  water  for  vessels  drawing  13  to  14  feet. 
I  am,  sir,  very  respectfully,  yours, 

Chari^s  S.  Mills, 

Collector. 

Maj.  W.  P.  Craighill,  U,  S,  Engrs. 
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U  17. 

IMPROVEMENT  OF  THE  APPOMATTOX  RIVER,  VIRGINIA. 

Tbe  operations  of  the  year  have  been  dredging  in  the  Puddledock 
Out,  and  above  it  toward  the  city  of  Petersburg,  and  the  completion 
in  July,  1873,  of  the  deflector  at  the  upper  end  of  Puddledock  Cut  to  a 
length  of  260  feet.  The  new  cut  is  now  used  altogether,  but  the  width 
of  60  feet  is  too  little. 

The  object  of  the  dredging  has  been  to  give  an  available  channel  at 
mean  low-water  for  vessels  drawing  8^  or  9  feet.  Such  a  channel  was 
carried  to  within  3,500  yards  of  the  city  line  by  the  16th  of  May,  1874, 
when  operations  were  suspended  for  want  of  ftinds.  The  new  appropri- 
ation of  $30,000  of  June  23, 1874,  will  enable  the  work  to  be  resumed  at 
an  early  day,  and  the  minimum  channel  brought  to  the  city  line. 

A  survey  of  the  river  was  made  in  the  winter  of  1873-'74 ;  but  other 
more  pressing  duties  have  prevented  the  completion  of  the  map  as  yet. 
The  use  of  the  old  intricate  channel  is  nearly  given  up,  the  old  one 
being  preferred  by  navigators,  bat,  as  before  remarked,  its  width  is  in- 
sufficients 

A  Board  of  Engineers  in  1870  presented  a  project  for  the  improve- 
ment of  the  river,  to  give  a  channel  60  feet  wide  with  a  depth  of  12  feet 
at  high-water,  to  cost  $343,000,  and  for  permanence  of  banks  an  addi- 
tional sum  of  $125,000.  This  project  was  not  carried  out,  a«  the  city  of 
Petersburg  had  spent  a  large  sum  of  money  on  the  improvement  by  a 
plan  submitted  by  Mr.  H.  D.  Bird.  It  was  determined  to  make  use  of 
the  city  work  as  far  as  possible,  as  it  had  been  carried  so  far. 

In  this  connection  reference  is  requested  to  my  report  published  in 
the  Annual  Eeport  of  the  Chief  of  Engineers  of  1871,  pages  606  and  fol- 
lowing. The  Beport  of  the  Board  of  Engineers  of  September,  1870, 
having  been  omitted  from  the  Annual  Report  of  1871,  and  being  valua- 
ble in  connection  with  the  history  of  the  improvement,  is  appended 
below. 

The  appropriations  by  Congress  have  been — 

March  3, 1871,  $50,000;  June  10, 1872,  $40,000;  March  3, 1873,  $30,000;  June  24,  1874, 
$30,000.    Total,  $150,000. 

The  work  has  dragged  through  several  years  with  these  small  appro- 
priations; but  important  results  have  been  gained,  though  the  cost  has 
been  greater  than  it  would  have  been  if  the  operations  could  have  been 
active  and  continuous  with  ample  funds.  It  is  now  estimated  that  to 
gave  a  channel  of  80  feet  width  and  10  feet  depth  at  low-water  will  re- 
quire the  sum  of  $153,000,  and  an  annual  sum  of  $20,000  for  repairs 
after  comjiletion.  In  every  stream  subject  to  copious  sediment-bearing 
freshets  such  repairs  will  be  always  necessary.  Beqnired,  therefore, 
to  fill  the  estimate,  $123,000,  which  is  equal  to  the  difference  between 
$153,000  and  $30,000,  the  last  sum  being  the  amount  of  the  last  appro* 
priation  and  now  available. 

ESTIMATED  COST. 

To  complete  channel  in  Appomattox  Eiver  80  feet,  by  10  feet  at  mean 
low-water,  from  Point  of  Rocks  to  city  limits  at  Petersburg: 

Earth  and  mud  excavation : 

South  Channel,  70,000yardfl,  at  30  cents $21,  COO  00 

Puddledock  Channel,  120,000  yards,  at  30  cents 36,000  00 

Petersburg  Channel,  80,000  yards,  at  30  cento 24,000  00 

Stein's  Upper  Cat,  60,000  yards,  at  30  cents 18,000  00 
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Bock-excavation : 

Stein'sUpperCut,  1,200  yards,  at  §10 812,000  00 

Piling : 
To  close  (to  mid-tide  level)  old  channel,  upper  end  Puddledock,  640  feet,  at 

83.50 2.240  00 

To  close  guts  leading  to  old  channel,  6, 500  feet,  at  $3.50 22, 750  00 

Biprapping  in  place  through  Puddledock  Cut,  7,500  yards,  at  $3.50 24, 500  00 

To  divert  mouth  of  Lt.  Run  : 

6,000  yards  excavation,  (earth,  &c.,)  at  30  cents 1,080  00 

500  feet  double  piling  and  flooring,  at  87 3,500  00 

SUMMARY. 

Earth  and  mud  excavation ,  336,000  yards,  at  30  cents $  100, 800 

Kock-excavation,  1,200  yards,  at  $10 1,200 

Rock  riprap,  7,500  yards,  at  $3.50 26,250 

Piling,  7,140  feet,  at  $3.50 24,990 


Total. 


153,240 


ANNUAL  ItEPAIRS. 


Dredging 

Repairs  to  banks  and  piling. 


$14,000  CO 
6, 000  00 


Total 20,000  00 

Financial  statement 

Balance  in  Treasury  of  United  States  July  1, 1873 30,000  00 

Amount  in  hands  of  officer  and  subject  to  his  check,  (including  $286.44  per- 
centage due  on  contracts  not  yet  completed) 8,993  33 

Amount  appropriated  by  act  approved  June  2Sy  1874 30, 000  00 

Amount  expended  during  the  fiscal  year  ending  June  30,  1874 38, 347  12 

Amount  available  July  1, 1874 30,646  21 

Amount  required  for  the  fiscal  year  ending  June  30, 1876 123,  000  00 

Bids  opened  at  12.5  o^cloch  p,  m.,  July  25, 1873. 


1 

Addreu. 

Kind  and  number 
of  macbinos. 

Time. 

ti 

No. 

Name. 

Begin. 

Complete. 

1 
2 

F.  P.  Leavenworth 
O.H.  Ferris 

Peter8bargh,ya.. 
Brooklyn 

S  dipper-dredge  8 
now  owned    by 
city. 

Osgood  

Sept.  1,1873 
Nov.    1,1873 

May    1,1874 
July    1,1874 

$0  33 
34* 

Cootraot  awarded  to  G.  H.  Ferris,  at  S4}  cents  per  cubic  yard. 


Report  of  H,  D.  Bird,  A^^Umt  Engineer. 

Petersburg,  July  2, 1874. 

Sir  :  I  have  the  honor  to  report  to  you  the  ^amount  of  work  done  on  this  improve- 
ment for  the  twelve  montha  ending  June  30,  1874. 

Contractor  Bnrch  completed  his  oontraot  for  dredging  out  the  middle  of  Puddledock 
Cut  on  the  2dth  of  February  last,  and  removed  between  July  1, 1873,  and  that  date 
32,181  cubic  yards  of  material,  including  several  large  bowlders. 

Contractor  Ferris  commenced  work  ou  the  9th  of  December,  1873,  at  the  point  where 
Burch's  contract  was  to  terminate,  and  dredged  up  the  Petersburg  Channel  until  the 
16th  of  May  last,  when  the  work  was  suspended  for  want  of  funds.  During  the  period 
he  was  at  work,  he  dredged  out  a  length  of  6,600  feet  of  channel,  80  feet  wide  at  hot- 
turn,  the  two  middle  cuts  (40  feet)  10  feet  deep  below  low-water,  and  each  outside  cut 
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(20  feet)  7J  feet  deep ;  and  removed  90,914  cnbic  yards.  This,  added  to  the  work  done 
by  Biirch,  makes  the  whole  amoaut  of  material  taken  out  during  the  twelve  montha 
123,095  cubic  yards.  Nearly  all  this  was  carried  off  in  scows  and  deposited  in  the  deep 
water  below  the  Point  of  Rocks. 

We  also  completed  in  July  last,  with  hired  labor,  250  feet  of  a  deflector  at  a  iK)int  2 
miles  below  Petersburg,  and  built  at  the  same  place  an  abutment  to  protect  the  old 
piling. 

The  dredging  has  now  reached  a  point  3,500  feet  below  the  city  line.    All  the  work 
stands  well  so  far,  and  vessels  have  used  the  new  channel  for  the  last  twelve  months. 
Respectfully  submitted. 

H.  D.  Bird, 

Aaaistant  Engineer. 
Col.  W.  P.  Craighill, 

Cor2)8  of  Engineers f  U.  S,  A, 


COMMERCIAL  STikTISTICS. 

Peteusbcrg,  Va.,  July  20, 1874. 
Colonel  :  According  to  j^onr  instructions,  I  have  obtained  and  beg  leave  to  submit 
t'le  following  information  in  regard  to  the  business,  &c.,  of  this  city  for  the  twelve 
months  ending  June  30, 1874. 

Respectfully,  your  obedient  servant, 

H.  D.  Bird, 

Assistant  Engineer. 
Col.  W.  P.  Craighill, 

Corps  of  Engineers,  U.  S.  A. 

Petersburg  is  the  collection -district  in  which  the  Appomattox  River  Is  situated." 

Population. 
By  last  census 18,834 

DutieSf  4rc. 

Custom-house $32,673. 

Internal-revenue 1,703,800 

Post-office 17,316 

1,753,789 
Value  of  property. 

Real  estate $5,612,580 

Personal 3,824,015 

Total 9,436,595 

Taxes  paid. 

State 861,405 

Municipal 170,306 

Water 13,295 

Gas 44,000 

Total 289,006 

City  property. 

Expended  on  river  improvement 402,900 

Water-works 125,000 

Land  and  buildings j 111,000 

Public-school  houses 57,000 

Wharves 16,540 

Steam  fire-engines 6,300 

Railroad  stocks 300,000 

Bonds  receivable 249,982 

Total 1,268,72a 
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Tannage  of  river* 

Tons. 

225  stearaoTB  and  156  schooners «....  16,400 

Tonnage  of  railroads. 

Peterebnrfc  and  Weldon 57,238 

Pt'tersburg  and  Richmond 91,^f!^8 

Petersburg  and  Lynchburg 235, 787 

Petersburg  and  Norfolk 176,030 

Total 560,943 

Agricultural  products  sold  in  city. 

41,504  bales  cotton $2,863,776 

15.:^:^  hogsheads  tobacco 1,533,000 

550,000  bushels  wheat 1,100,000 

600,000  bushels  com 540,000 

25,000  bushels  pea-nuts 60,00% 

1.700,000  pounds  sumac 25,500 

Oats,  hay,  Ac 60,000 

Total 6,182,276 

Merchandise  sold. 

Groceries $4,000,000 

Dry-goods 1,350,000 

Clothing,  hats,  caps,  boots,  and  shoes : 1,050,000 

Hardware,  stoves,  and  tin 275,000 

Drugs,  medicines,  and  paints 150, 000 

Crockery  and  stone  ware 60,000 

Iron  and  steel 50,000 

Hides  and  leather 80,000 

Hooks,  stationery,  &c 40,000 

Fertilizers 250,000 

Lumber 300,000 

Coal  and  fire-wood 300,000 

Miscellaneous 100,000 

Total 8,005,000 

Manufactures. 

7  cotton-mannfactories,  value  of  prodncts $1, 009, 850 

16  tobacco 3,325,132 

4  flonr-TOills d50,  000 

5caue-niill8 270,000 

2  irou-works    190.000    , 

4  printing-offices 65,000 

1  paper-mill,  1  brewery,  1  distillery,  4  planing-mills;  wagon,  carriage,  and. 

other  shops 200,000 

•  

Total 5,909,982 

Moneyed  institutions. 

Citizens' Bank $325,000 

Commercial  Bank li>(),  <  00 

Planters  and  Mechanics'  Bank 250,000 

Petersburg  Bank ,  66,(00 

Petersburg  Savings  and  Insurance  Company 350, 000 

Farmers  and  Merchants'  Insurance  Company 100, 000 

Virginia  Life-Insurance  Company 3()0,  .")00 

People's  Savings-Bank 20,000 

Deposits 1,200,000 

Total 2,791,500 

•  Recaxnlulation. 

Value  of  real  and  personal  property $9,436,595 

Valueof  city  property 1,268,722 

4  ENG                                                                                                    f  -  I 
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YalaeofbaBks  and  moneyed  institutions $2,791,500 

Value  of  agricultural  products  sold 6, 182,*276 

Value  of  merchandise  sold 8,005,000 

Value  of  manufactofes  sold 5,908,982 

Total 33,593,075 

Taxes  paid* 

General  Government $1,753,789 

State  and  city 289,006 

Total 2,032,795 


Reports  of  Board  of  Engineers  of  1870. 

United  States  Engineer  Office, 
Baltimore^  Md,^  September  30,  1870. 

General  :  The  Board  of  Engineers  convened  by  Special  Orders  Xo. 
87,  dated  Headquarters  Corps  of  Engineers,  August  29,  1870,  have  the 
honor  to  submit  the  following  preliminary  report  as'to  the  improvement 
of  the  Appomattox  Eiver  from  Petersburg  to  its  mouth. 

A  map  accompanies  this  report,  showing  so  much  of  the  river  as  seems 
to  require  improvement  at  this  time.  Upon  the  map  is  exhibited  the 
plan  of  improvement  of  the  commission  of  1852,  ^s  described  in  their 
report  dated  November  20,  1852,  which  is  printed  in  Senate  Doc.  No.  1, 
Thirty-third  Congress,  first  session,  1853,  Part  II,  commencing  at  page 
394. 

Upon  the  same  map  is  exhibited  the  plan  of  Mr.  H.  D.  Bird,  bounded 
by  yellow  lines.  A  copy  of  his  report,  dated  August  20, 1869,  is  trans- 
mitted herewith. 

The  board,  after  inspecting  the  Appomattox,  find  a  large  amount  of 
work  already  done  according  to  Mr.  Bird's  plan,  the  adoption  of  much 
of  which  it  is  deemed  expedient  now  to  recommend. 

Without  at  present  discussing  the  details  of  the  plans  referred  to,  the 
board  will  state  the  reasons  upon  which  are  founded  their  objections  to 
some  features  of  both. 

No  place  is  found  along  the  river  from  Petersburg  to  the  Point  of 
Rocks,  where  the  use  of  jetties  perpendicular  to  the  banks  seems  the  best 
expedient.  Where  a  river  like  the  Appomattox,  whose  tidal  reservoir 
is  very  limited,  is  divided  into  two  or  more  channels,  that  direction 
should  be  followed  which  will  give  a  channel  consisting  of  a  succesliou 
of  moderate  curves,  to  the  exclusion,  on  the  one  hand,  if  practicable,  of 
long,  straight  reaches,  and  on  the  other  hand,  of  abrupt  bends.  Abrupt 
bends,  even  if  permanent,  are  objectionable  by  causing  a  great  loss  of 
momentum  of  the  water,  and  are  difficult  of  navigation  from  their  shape. 
There  is  generally  a  liability  to  change  of  form,  from  the  abrading  ia- 
fiuence  of  the  water  in  its  sudden  and  great  variations  of  direction  and 
velocity,  and  to  the  consequent  formation  of  bars.  These  changes  in 
the  curves  of  the  bends  lead  to  variations  in  the  position  and  condition 
of  the  channel  which  cannot  be  foreseen,  and  make  the  navigation  iu- 
tricate  and. uncertain. 

In  straight  reaches,  unless  the  cross-section  is  of  the  exact  dimensions 
suited  to  the  accommodation  of  a  constant  quantity  of  water  flowing 
through  it,  (conditions  which,  in  a  river  subject  t*o  the  action  of  tides 
and  freshets,  can  rarely,  if  ever,  be  fulfilled,)  the  channel  will  be  found 
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shifting  from  place  to  place  in  the  varying  stages  of  the  river,  ha\iug 
its  depth  likewise  variable. 

In  the  curves  of  moderate  curvature  the  channel  will  be  found  near 
the  concave  bank,  and  the  depth  of  water,  though  somewhat  diminished 
in  passing  from  one  concave  to  another,  will  not  be  strikingly  variable. 

In  a  river  like  the  Appomattox,  whose  banks  are  of  a  character  easily 
abraded  by  running  water,  especially  when  its  velocity  is  greatly  in- 
creased in  time  of  ireshets,  the  concave  banks  require  revetments  of 
some  kind.  No  continuous  revetment  of  the  convex  banks  needs  now  to 
be  prescribed.  On  the  contrary,  it  is  seldom  prudent  to  confine  a  river 
between  two  fixed  artificial  banks,  as  the  longitudinal  distance  between 
them  can  be  suited  to  but  one  stage  of  water,  and  must  be  either  too 
great  or  too  small  at  all  other  stages. 

Bearing  these  ideas  in  mind,  which  are  thought  to  be  correct,  and  be- 
lieving further  that  the  fundamental  principle  in  all  works  of  river  im- 
provement is  to  regulate  the  operations  of  nature  after  careifully  watch- 
ing them,  but  not  to  use  undue  restraints  or  to  give  too  free  scope  for 
excesses  on  her  part,  and  wishing  to  use  as  much  of  the  work  already 
done,  according  to  Mr.  Bird's  plan,  as  would  he  likely  to  give  good  results 
in  the  desired  direction,  viz.,  the  improvement  of  the  river,  the  board 
made  the  following  recommendations: 

Ist.  That  Stein's  upper  cut  be  not  now  opened.  The  channel  now  used 
in  that  portion  of  the  river  will  have  a  good  direction,  if  provided  with 
a  concave  dike,  on  the  broken  black  line,  a,  ft,  c.  The  plan  proposed 
will  prove  less  expensive,  it  is  believed,  than  the  reopening  of  Stein-s 
cut,  which  would  require  the  removal  of  a  large  quantity  of  rock.  Mr 
Bird  expects  to  give  a  channel  in  the  rock  but  60  feet  in  width  by  12 
feet  in  depth  at  high- water.  A  narrow  channel  in  rock  which  is  wholly 
unseen  is  always  objected  to  by  navigators,  and  undoubtedly  with  good 
reason. 

In  reopening  Stein's  upper  cut  the  project  of  Mr.  Bird  is  in  direct  op- 
position to  that  of  the  commission  of  1852,  which  was  approved  by  the 
Executive  Department,  to  whose  charge  the  work  was  assigned  by  Con- 
gress. It  is  a  matter  for  consideration  whether  work  thus  done  by  the 
General  Government  in  one  of  the  navigable  rivers  of  the  country  can 
with  propriety  be  undone  without  the  consent  or  sanction  of  the  same 
authority. 

But,  on  the  other  hand,  should  the  increased  trade  of  the  city  ever 
make  necessary  the  additional  wharf- room'  indicated  on  Mr.  Bird's  plan 
for  thfe  improvement  of  this  part  of  the  river,  his  arrangements  for  that 
purpose  are  good,  and  would  require  the  reopening  of  Stein's  upper 
cut,  which  the  board  would  then  approve,  though  now  deeming  unne- 
cessary. 

These  basins  in  that  part  of  the  river,  besides  their  use  for  the  ac- 
commodation of  shipping,  would  be  at  any  time  desirable  as  tidal  reser- 
voirs. 

2d.  From  the  lower  end  of  Stein's  upper  cut  G,  to  follow  the  chan- 
nel marked  out  by  the  commission  of  1852,  to  A,  its  intersection  with 
the  northern  boundary  of  Mr.  Bird's  line,  thence  to  e,  to  adopt  his  line, 
thus  making  use  of  the  pile-work  already  executed  by  him  from  dto  ey 
avoiding  the  long,  straight  reaches  from  d  to/,  and  from  g  to  h  (Hare's 
Bar)  in  the  line  of  the  commission  of  1852.  The  dredging  from  d  to  e 
to  be  confined  to  a  space  shown  on  the  map  by  broken  black  lines,  60 
feet  in  width  on  the  bottom. 

3d.  A  cut  to  be  made  from  etoh  by  the  dredges,  60  feet  in  width,  and 
supported  on  the  concave  side  by  a  dike. 
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4tli.  From  ft  to  o  to  follow  the  channel  of  the  commission  of  1852, 
putting  in  the  curved  dikes  Jc  I  and  m  n,  and  trimming  off  the  oppo- 
site points,  and  probably  putting  in  another  concave  dike  between  the 
limits  N  and  O. 

5th,  From  O  to  follow  the  present  main  channel  to  the  Point  of  Bocks. 

The  object  of  the  board  in  making  these  recommendations  for  work 
to  be  done  as  soon  as  means  are  provided,  is  to  give  as  soon  as  practica- 
ble, cliiefl}'  by  dredging,  a  channel  60  feet  wide  and  12  feet  deep  at  ordi- 
nary high-water;  avoiding,  as  much  as  possible,  abrupt  bends  or  long 
straight  reaches,  or  regulating  them  where  they  cannot  be  avoided  en- 
tirely. The  actually  navigable  channel  of  the  river  should  not  be  aban- 
doned without  very  strong  reasons. 

The  board  believe  that  Mr.  Bird's  expectation  of  the  opening  of  his 
channel  by  the  action  of  the  water  itself  will  not  be  realized.  The  case 
is  very  different  from  Mr.  Stein's  cuts,  which  were  narrow  and  short. 

At  a  point  about  midway  between  /  and  g,  the  river  has  but  one 
channel  of  about  the  same  width  as  in  Mr.  Bird's  project.  It  is  far  from 
evident  that  the  river  would  be  able  to  maintain  a  channel  of  the  same 
width  in  the  position  he  has  selected,  and  of  a  depth  greater  than  in  the 
present  channel. 

The  feature  of  a  near  approximation  to  perfect  straightness  is  con- 
sidered a  defect  in  the  present  case,  and  for  thai  reason  the  channel  of 
the  commission  of  1852,  tlie  channel  now  used,  is  preferred,  except  in  the 
portion  where  the  adoption  of  Mr,  Bird's  is  recommended. 

It  is  recommended  that  dredging,  where  necessary,  be  commenced  at 
the  lower  ends  of  the  cuts,  and  that  a  channel  be  first  excavated,  60 
feet  wide  at  bottx)m  and  9  feet  deep  at  high-water,  the  depth  of  the  cut 
to  be  next  increased  to  12  feet  at  high-water.  When  that  much  is  suc- 
cessfully accomplished — and  the  board  believe  it  may  be— it  will  be  time 
to  think  of  getting  a  channel  with  great  width  and  depth. 

Any  i^cheme  of  improvement  of  a  river  subject,  like  the  Appomattox, 
to  considerable  freshets,  must  contemplate  the  occasional,  i)erhap8  the 
constant,  use  of  dredges  to  keep  open  the  artificial  channel. 

The  board  do  not  wish  to  l)e  understood  as  saying  that  the  line  of 
which  the  improvement  is  recommended  in  this  report  would  be  re- 
garded as  the  best,  if  a  large  sum  of  money  would  be  available,  as  re- 
quired in  the  progress  of  the  work,  and  if  nothing  had  been  already 
done  in  carrying  out  particular  plans. 

The  object  has  been  to  lay  Mown  a  plan  as  good  as  existing  circum- 
stances permit,  and  such  as,  with  the  means  likely  to  be  furnished  by 
the  General  Government  and  by  the  city  of  Petersburg,  will  result  in  a 
decided  improvement  of  the  river.  As  the  work  progresses  the  advan- 
tage or  the  necessity  of  adding  to  or  modifying  what  has  been  recom- 
mended above  may  become  apparent.  Any  well-devised  scheme  of 
river  improvement  should  be  progressive  and  elastic;  and  too  great 
haste  in  executing  may  result  in  injuries  which  more  deliberation,  joined 
to  careful  watching  of  effects,  would  have  avoided. 

The  citizens  of  Petersburg  have  certainly  exhibited  a  most  commend- 
able willingness  to  help  themselves.  They  have  already  taxed  them- 
selve.s  heavily  to  provide  money  for  the  improvement  of  the  river.  lu 
so  doing  they  are  at  the  same  time  contributing  to  the  general  good, 
and  it  is  hoped  they  may  be  encouraged  by  receiving  at  the  next  ses- 
sion of  Congress  a  liberal  appropriation  of  money  from  the  general 
Treasury. 

It  is  proper  to  state  that  the  city  of  Petersburg  is  now  the  owner  of 
two  good  dredges  of  the  Osgood  pattern,  and  expects  soon  to  procure  a 
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third  dredge  and  a  tug-boat.    There  is  on  hand,  also,  a  large  quantity  of 
material  for  piles  and  sheet-piling. 

Drawings  and  estimates  will  be  forwarded  as  soon  as  practicable,  with  • 
sucli  (^planations  as  may  seem  necessary. 
Respectfully  submitted. 

J.  H.  Simpson, 
Colonel  of  Engineers^  Bvt  Brig.  Gen.  U,  8.  A. 
John  Newton, 
Lieut  Colonel  of  Engineers^  Bvt  Maj.  Gen. 
Wm.  p.  Craighill, 
Major  of  EngineerSj  Bvt  Lieut  Col. 
Bvt.  Maj.  Gen.  A.  A.  Humphreys, 

Commanding  Corps  of  Engineers. 


United  States  Engineer  Office, 

Baltimore,  Md.,  November  19,  1870, 

General  :  Referring  to  their  report  of  September  30, 1870,  tbe  Board 
of  Engineers  convened  by  Special  Orders  No.  87,  dated  Headquarters 
Corps  of  Engineers,  August  29,  1870,  have  the  honor  now  to  report 
further  concerning  the  Appomattox  River. 

A  copy  of  a  communication  from  Mr.  H.  D.  Bird,  dated  September  21, 
receivedin  Baltimore  October  8,  is  inclosed  herewith,  accompanied  by 
a  general  plan  of  his  line  of  improvement,  and  sketches  illustrative  of 
some  of  its  details. 

This  plan  diflfers  favorably  from  that  first  proposed  by  him,  and  has 
been  made  less  objectionable  by  his  abandoning  the  idea  of  straight 
cuts,  and  giving  to  it  more  of  the  features  of  the  line  recommended  by 
this  board,  viz,  such  easy  curves  as  will  as  much  as  possible  direct 
the  current  to  the  concave  banks  of  the  river ;  but  his  modifications  do 
not  by  any  means  come  up  to  the  requirements  deemed  essential  by  the 
board.  The  curves  of  Mr.  Bird's  plan  are  not  sufficiently  defined  to 
l)rodace  the  desired  result.  There  arje  also  included  in  his  communica- 
tion an  estimate  and  a  summary  statement  of  expenditures  up  to  the 
date  of  his  report. 

It  is  believed  that  it  would  be  found  impossible  by  Mr.  Bird  to  make 
a  channel  12  feet  in  depth  and  of  an  average  width  of  350  feet  within- 
the  limits  of  his  estimate,  or  for  twice  its  amount.  It  is  to  be  observed, 
however,  that  a  large  part  of  the  work  of  excavation  is  expected  by 
him  to  be  done  by  the  river  itselfl  It  is  far  from  certain  that  his  ex- 
pectations will  be  realized.  It  is  considered,  also,  that  his  timber 
revetments  are  not  sufficiently  strong,  and  that  they  will  need  an  addi- 
tional expenditure  of  $2  per  running. foot  in  that  portion  adopted  by  the 
board. 

In  the  report  of  September  30,  a  line  was  laid  down  by  the  board. 
A  drawing  is  herewith,  indicating  the  manner  of  Construction  desigued 
for  the  dikes  proposed  as  a  part  of  that  plan.  The  material  dredged 
from  the  channel  is  intended  to  be  used  in  forming  the  mass  of  the 
dikes.  The  timber  facing  will  stand  a  number  of  years,  a  portion  of  it 
where  most  exposed  being  itself  protected  by  riprapping.  It  will  finally 
decay  down  to  low-water  mark.  In  the  mean  time  the  bank  will  be  con- 
solidating and  preparing  for  its  ultimate  covering  of  stone. 

A  channel  60  feet  wide  at  bottom,  12  feet  deep  at  high-water,  accord- 
ing to  the  plan  recommended  by  the  board,  will  cost,  in  round  numbers) 
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$250,000.    At  the  expiration  of,  say,  ten  years,  an  additional  expendi- 
ture of  $125,000  will  be  necessary  to  make  the  banks  permanent.    An 
.  annual  expenditure  of  $10,000  will  be  required  to  keep  the  channel  and 
banks  in  good  condition.  ^ 

ESTIMATE. 

12,600  linear  feet  of  dike,  as  per  sketch,  at  |5  per  foot $63,000 

3, 050  linear  feet  Mr.  Bird's  dike  strengthened,  at  $2  per  foot 6, 100 

11,000  yards  riprapping,  at  83.50  per  yard 3d,  500 

450,  000  yards  material  removed  Irom  channel  and  deposited  in  dike,  at  30 
cents  per  yard 135,000 

242,600 

For  permanent  completion  of  work 125,000 

Sum  required  annually  for  channel  and  banks 10,000 

Kespectfully  submitted. 

J.  H.  Simpson, 
Colonel  of  Engineers^  Bvt.  Brig.  Genl. 
John  Newton, 
LieuL  Colonel  of  Engineers^  Bvt  Maj,  Gen. 
W.  P.  Craighill, 
Major  of  EngineerSy  Bvt  Lieut  CoL 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  8.  A. 


Letter  of  Chief  Engineer  Lower  Appomattox  Company. 

Office  Lower  Appomattox  Company, 

Petersburg^  Ta.,  September  21,  1«70. 

Colonel:  I  take  pleasure  in  complying  with  your  request,  to  communicate  to  yoa 
what  I  have  doue  aud  aui  still  doing  toward  the  improvement  of  the  Appomattox 
River,  as  the  engineer  in  charge  of  the  works. 

Before  entering  into  the  subject,  it  is  proper  to  make  a  brief  statement  in  regard  to 
the  river,  and  the  efforts  heretofore  piade  to  improve  it,  as  a  necessary  preliminary  to 
a  ri^ht  understanding;  of  the  case. 

The  Appomattox  River  rises  in  Appomattox  County,  over  one  hundred  miles  west  of 
Petersburg,  and  empties  into  James  River  at  City  Point,  eleven  and  three-eighths 
miles  east  of  it.  The  tide  flows  up  to  the  city,  and  vessels  drawing  seven  aud  a  half 
feet  of  water  can  come  up  to  the  wharves.  The  accompanying  map  will  give  you  a 
more  accurate  idea  of  this  part  of  the  river,  seven  and  three-quarter  miles  of  which,  from 
Pet-ersburg  to  Poiut  of  Rocks,  is  the  portion  we  have  to  improve.  For  the  rest  of  the 
way  down  fche  channel  is  bold  and  deep  enough  to  float  any  vessel  that  can  reach  City 
Point. 

The  city  of  Petersburg  has  long  been  the  seat  of  a  considerable  commerce,  and  as  early 
as  1824  thecitizensturuedtheirattentiontotheimprovement  of  the  river.  Ajoin^stock 
company  was  incorporated,  but  with  such  a  small  capital  that  it  was  exhausted  before 
the  work  was  completed ;  but  sufficient  was  done  to  effect  a  decided  and  permanent 
improvement  in  the  navigation  of  the  river. 

The  attention  of  the  people  soon  afterward  was  entirely  diverted  from  the  river  to 
the  construction  of  railroads,  which  were  then  coming  into  vogue.  Among  the  roads 
embarked  in  by  our  citizens  wasone  toCity  Point,  which  was  built,  and  it  was  thought 
that  it  would  render  unnecessary  the  further  improvement  of  the  river.  From  that 
time  until  1854,  the  miuds  and  means  of  our  people  were  so  absorbed  in  making  rail- 
roads that  the  river  seemed  entirely  forgotten.  But  as  those  roads,  particularly  the 
one  through  Lynchburg  to  the  West,  approached  completion,  and  were  beginniug  to 
bring  to  Petersburg  a  large  amount  of  freight  for  shipment,  the  importance  of  making 
it  the  shipping-place  instead  of  City  Point  became  so  manifest  that  the  attention  of  our 
citizens  was  again  turned  to  the  improvement  of  the  riv«»r.  As  the  railroads  to  the 
West  ran  through  many  States,  this  improvement  had  become  a  work  of  national  aa 
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well  as  local  interest,  and  our  citizens  very  naturally  applied  to  Congress  for  aid  to 
make  it.  A  small  appropriation  was  made,  and  a  commission  of  Grovernment  engineers 
was  sent  to  survey  the  river  and  lay  down  a  plan  for  tbe  improvement.  The  work  was 
commenced,  but  unfortnnately  the  aid  of  tbe  Government  was  not  continued,  the 
engineers  were  withdrawn,  and  the  burden  of  continuing  the  work  fell  upon  the  citj'. 
The  councils  made  liberal  appropriations  for  the  work,  and  it  was  prosecuted  with  con- 
sidenible  vigor  up  to  the  brejiking  out  of  the  war.  That  of  course  suspended  the  opera- 
tions, and  soon  after  the  river  was  dammed  up  as  a  military  necessity.  But  the  navi- 
gation bad  been  so  far  improved  that  vessels  drawing  9  feet  water  could  reach  the 
wharves,  and  the  increase  in  the  commerce  of  the  city  was  beginning  to  show  the  value 
of  the  improvement  to  it  and  the  country. 

As  soon  after  the  war  as  the  city  council  could  command  any  means,  an  appropria-  . 
tion  was  made  to  remove  the  dam  and  to  purchase  a  dredge,  and  work  was  again 
resumed.  But  it  was  found  that  the  effect  of  the  dam  had  been  most  disastrous  to  the 
navigation,  for  so  many  bars  had  formed  during  the  four  years  of  stoppage,  that  ves- 
sels draw^ing  only  7  feet  could  not  get  to  the  wharves  except  on  high-tides.  From 
that  time  until  last  year  the  work  was  carried  on,  but  owin^  to  the  poverty  of  our  peo- 
ple tbe  appropriations  were  so  limited  that  there  was  but  little  improvement  made  in 
tbe  navigation. 

In  July,  1869,  the  business  prospects  of  the  city  had  increased  so  much  that  the  coun- 
cil determined  to  push  the  improv«ment  on  a  lar^^e  scale.  A  liberal  appropriation  was 
voted,  a  new  committee  was  appointed,  and  a  survey  was  ordered  to  be  made  to  see  if 
any  improvement  could  be  effected  in  the  old  plan  of  carrying  on  the  works,  and  what 
it  would  cost.  I  was  selected  tx>  make  the  survey,  and  upon  my  report  the  council 
called  a  vote  of  the  people  on  the  subject  of  raising  the  money  for  the  work.  The  citi- 
zens responded  in  the  same  liberal  spirit,  and  authorized  an  issue  of  city  bonds  for 
?200,000  for  the  purpose. 

The  bonds  could  not  be  negotiated  until  March  of  this  year.  The  delay,  however, 
was  valuable  to  me,  as  it  gave  me  time  to  make  a  more  careful  examination  and  study 
of  the  river,  and  to  perfect  the  plan  of  improvement  I  had  projected.  This  plan  was 
indicated  as  much  by  the  results  plainly  visible  on  the  river  of  the  former  efforts  made 
to  improve  it,  as  by  those  of  my  survey. 

Between  them  both  I  believe  I  have  elaborated  a  plan  that  will  give  us  all  that  can 
be  reasonably  desired  in  the  improvement.  In  a  word,  I  feel  confident  that  if  the  works 
are  carried  out  on  this  plan  we  shall  be  able  in  time  to  bring  t.o  Petersburg  any  vessel 
that  can  reach  City  Point,  an  object  which  I  conceive  should  always  be  kept  in  view 
in  any  scheme  to  improve  the  river,  for  anything  short  of  it  will  not  satisfy  the  future 
wants  of  the  commerce  of  the  city. 

The  first  plan  of  improvement  started  on  the  river  was  to  straighten  it  as  much  as 
possible,  and  to  narrow  the  channel  where  it  was  too  wide  by  ietties,  so  as  to  give  the 
cnrrent  auch  a  direction  and  increased  force  as  would  enable  the  freshets  and  the  tidal 
flow  to  scour  the  rivi-r  deeper  and  keep  it  so.  No  dredging  or  excavation  was  resorted 
to  on  this  plan,  except  in  making  two  new  cuts  to  straighten  the  channel.  One  of  them 
was  rock,  which  was  blasted  out  to  the  required  depth.  The  other  was  through  an 
island,  where  a  straight  cut  was  made  with  shovels,  ten  feet  wide  at  the  water-line, 
four  feet  deep,  and  about  three-quarters  of  a  mile  long.  After  this  was  done  the  chan- 
nel on  each  side  of  the  island  was  dammed  up,  and  the  cut  was  left  to  the  action  of 
the  river.  I  was  informed  that  this  cut  was  scoured  out  to  a  navigable  depth  in  about 
thirty  days,  and  you  will  see  in  the  map  of  the  Coast  Survey,  made  in  1853,  twenty- 
nine  years  after  the  cut  was  made,  that  it  averaged  200  feet  in  width,  and  was  t^e 
deepest  part  of  the  improved  portion  of  the  river. 

You  observed,  when  you  examined  tbe  river,  that  the  water  had  broken  through  the 
sides  of  this  cut  in  several  places,  into  the  old  channel,  which,  of  course,  must  have 
impaired  its  scouring  power.  But  notwithstanding  this,  and  the  necessarily  imperfect 
manner  in  which  the  works  were  constructed  for  the  want  of  adequate  means,  it  is 
recorded  in  the  report  of  a  committee  of  the  city  council  made  in  1849  that  the  navi- 
gation was  then  double  what  it  was  before  the  works  were  commenced,  and  that  one 
bar,  the  worst  in  the  river,  had  been  entirely  obliterated. 

The  plan  adopted  by  the  Government  engineers  was  to  dredge  out  a  channel  60  feet 
wide  at  bottom  and  12  feet  deep,  and  erect  such  jetties  as  would  be  needed  to  give  the 
current  a  proper  direction  and  at  the  same  time  close  up  all  branches  and  low  places 
which  would  be  likely  to  divert  the  water  from  the  channel ;  and  they  recommend  that 
when  the  commerce  of  the  river  would  authorize  the  expenditure,  these  temporary  ar- 
raiisements  should  be  replaced  with  permanent  artificial  banks. 

With  the  results  of  these  two  plans  before  me,  which  are  so  plainly  visible  on  the 
river,  and  a  careful  professional  study  of  it,  particularly  of  the  valuable  map  of  the 
river  made  by  the  officers  of  the  Coast  Survey  in  1854,  I  had  no  difficulty  in  projecting 
a  plan  for  the  improvement,  which,  if  carried  out  faithfully,  will,  I  am  satisfied,  give 
OS  at  an  early  day  all  the  depth  of  navigation  needed  for  the  business  of  the  city. 
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I  will  not  trouble  you  with  any  of  the  details  of  this  plan,  for  you  have  seen  enon^s^h 
of  them  to  enable  you  to  foim  an  intelligent  opinion  of  them;  I  will  merely  state  that 
my  plan  is  to  straighten  the.  river  and  ease  the  curves  or  bends  where  it  can  be  done  to 
advantage  and  with  not  too  great  an  expense,  and  to  confine  it  for  the  whole  distance, 
from  Petersburg  to  the  Point  of  Rocks,  by  artificial  banks,  wherever  they  are  needed, 
to  one  channel,  expauding  regularly  in  width  from  200  to  500  feet,  so  as  to  give  ample 
room  both  for  the  freshets  and  flow  of  the  tides. 

To  make  this  plan  as  porftrct  as  I  conceive  it  could  be  made,  I  did  not  hesitate  to 
abandon  the  present  channel  of  the  river  almost  entirely,  for  with  the  construction  of 
about  a  mile  of  new  channel  I  shall  shorten  the  river  nearly  half  a  mile  and  conduct 
it  into  the  old  south  channel,  which,  no  doubt,  was  anciently  the  true  channel  of  the 
river.  In  the  old  works  it  had  been  shut  off  repeatedly,  but  never  perfectly,  and  when 
I  took  charge  of  the  improvement  fully  half  tne  flow  of  the  downward  water  passed 
into  it.  One  has  only  to  see  this  beautiful  bodv  of  water,  with  its  comparative  straigbt- 
ness,  and  bold  southern  shore,  to  be  satisfied  that  with  little  expense  it  can  be  made  the 
finest  part  of  the  river.  The  north  shore  or  bank  of  this  channel,  and  everywhere  else 
where  the  bank  is  needed  to  confine  the  river,  will  be  made  of  the  material  dre<lged 
from  the  river  to  obtain  the  necessary  depth  of  water. 

I  am  satisfied,  from  the  experience  of  this  river,  and  from  results  shown  in  other 
rivei-8,  that  the  increased  impetus  which  this  shortening  and  narrowing  of  the  river 
and  confining  it  to  one  channel  must  give  to  the  freshets  and  tidal  flow,  will  keep  the 
bed  of  the  river  so  scoured  out  that  very  little  dr«rdgiug  will  be  required,  except  to 
strengthen  the  banks  or  make  the  navigation  deeper. 

On  first  of  March  last,  as  soon  as  the  money  for  the  works  was  secured,  we  let  to 
contract  all  the  piling  timber,  and  driving  of  piles,  and  the  blasting  of  the  rock  in 
Stein's  upper  cut.  We  also  contracted  for  a  dredge,  as  the  bids  we  received  for  dredging 
were  all  too  high.  We  had  an  old  dredge,  which  we  immediately  set  to  work  on  the 
new  cut  through  Puddledock,  and  we  commenced  driving  piles  as  soon  as  the  con- 
tractors could  start  their  pile-drivers.  We  also  hired  a  dredge,  and  in  May  last  the  new 
one  was  received  and  put  to  work. 

Wo  had  purchased  a  new  ten-horse  engine  and  pump  for  the  purpose  of  keeping  the 
water  down  in  Steiu^s  cut  while  the  rock  is  blasting,  and  have  built  some  lighters  and 
two  large  pontons,  and  fitted  them  up  with  railroad  tracks  and  cars  to  land  the 
materiardred^ed  out  of  the  river.  We  have  lately  contracted  for  another  dredge  and 
stenm-tug,  which  will  be  delivered  by  the  end  of  the  month. 

The  work  done  up  to  the  first  of  this  month  is  as  follows : 

All  the  piling-timber  has  been  delivered  and  the  contractors  have  driven  and  finished 
10,*200  feet  of  piling.  This  piling  is  driven  wherever  there  is  water,  or  very  low  places 
through  which  the  current/  might  be  diverted,  as  a  nucleus  upon  which  to  form  the  em- 
bankment. The  dredges  have  made  a  single  cut  through  Puddledock  Swamp,  6,173 
ftet  long,  30  feet  wide,  and  8  feet  deep.  The  greater  part  of  this  swamp  was  covered 
with  a  dense  growth  of  large  trees,  the  stumps  of  which  had  to  be  blasted  out  before 
the  dredges  could  start  them. 

Besides  this  work,  the  dredges  have  made  a  cut  of  1,200  feet  in  length,  and  10  feet 
deep,  toward  uncovering  the  rock  in  Stein's  cut,  and  have  raised  to  high  water  the 
embankment  necessary  to  protect  2,100  running  feet  of  piling.  A  considerable  amount 
of  ditching  and  cleaiiughas  in  the  mean  time  been  done  by  hand  labor,  most  of  which 
has  been  finished.  About  three-fifths  of  the  pile-driving  and  the  blasting  the  rock  out 
of  Stein's  cut  is  all  the  work  that  remains  to  be  done  by  contractors. 

The  principal,  and,  indeed,  the  only  remaining  important  work  to  be  done  now  is  the 
dredging  to  make  the  embankment.  I  expect  soon  to  be  able  to  put  three  dredges  to 
work  on  it.    These  dredges  will  lift  an  average  of  1,500  cubic  yards  a  day. 

I  have  added  to  this  report  an  account  of  the  expenditures  we  have  made  on  the 
work  from  the  first  of  March  last  to  the  end  of  this  month,  and  also  my  estimate  of  the 
whole  cost  of  making  so  much  of  the  improvement  as  will  give  us  12  feet  water. 

As  a  part  of  this  report  I  present  you  with  a  tracing  from  the  map  showing  the  old 
channel  and  the  new  one  I  am  making.  Also  an  enlarged  map  and  profile  of  the  rock- 
cutting  in  Stein's  cut,  and  a  sheet  containing  a  plan  of  the  pontons  for  landing  the 
dredged  material,  and  cross-sections,  showing  the  diflerent  modes  of  driving  piles. 

Hoping  these  papers  and  this  report  will  give  you  all  the  information  you  need  iu 
regard  to  our  work, 

I  have  the  honor  to  be  your  obedient  servant, 

H.  D.  Bird, 
Chief  Engineer  Lower  Appomattox  Company, 

Col.  W.  P.  Craighill, 

Chiff  Engineer  in  charge  of  Government  Surveys  of  James  River y  j-c. 
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Statement  of  expenditures  made  by  the  Lower  Appomattox  Companion  the  new  improvenvent  of 
the  riterfrom  March  1, 1870,  to  September  1, 1870,  six  months. 

For  machinery,  materials  on  hand,  and  for  land: 

Paid  for  new  dredge $15,656  00 

Paid  for  two  pontons ' 7,011  04 

Paid  for  two  lightera 255  12 

Paid  for  engine  and  pnmp  to  drain  Stein's  out 1,615  00 

Paid  lor  wheelbarrows  and  tools 395  00 

Paid  for  piling-tiuiber  on  hand 14, 209  08 

Paid  for  wood. 1 410  00 

Paid  for  land  damages 1,300  00 

For  work  done : 

Paid  for  piling  material  used 11,645  90 

Paid  for  driving  piles 6,793  50 

Paid  for  running  dredges .* 6,509  84 

Paid  for  work  in  PndcUedock  cut 3,860  90 

Paid  for  work  in  Stein's  cut 345  61 

Paid  for  engineering  expenses -^ 3,381  91 

Paid  for  contingent  expenses .* 1,798  61 

Total  expenditure 75,186  70 

Estimate  of  the  coat  of  improving  the  Appomattox  River  to  obtain  a  depth  of  12  feet  navigation 

made  August  20,  1869. 

For  improvement  in  harbor  of  Petersburg $9,248  50 

Maki  ng  new  channel  through  Stein's  cut 13, 805  00 

Making  new  channel  through  Puddledock 9,615  00 

Piliiif?  materials  and  driving 38,700  00 

Dreti^ing-uiachinery  and  dredging -. 70,800  00 

Riprapping 3,608  00 

Eugiueering  expenses  and  superintending 11, 500  00 

Contingencies,  10  per  cent 15, 727  65 

Totol  estimate 173,004  15 

N.  B. — This  estimate  contains  no  provision  for  bnilding  the  docks  laid  down  on  the 
map.  There  is  an  additional  estimate  for  the  dock  on  the  south  side.  It  will  cost 
$33,08S.50.  Neither  this  dock  nor  the  one  on  the  north  side  will,  of  course,  be  needed 
until  they  are  required  by  the  trade.  I  laid  them  down  on  the  map  to  complete  the 
plan  of  improvement.  I  got  two  miles  of  wharfage  in  a  length  of  half  a  mile,  and  a 
width  of  less  than  a  quarter  of  a  mile.  The  docks  can  be  so  arranged  with  suitable 
gates  that  they  can  be  scoured  out  during  any  freshet  by  plashing  the  water  through 
theui.  I  omitted  to  state  above  that  the  worst  streams  entering  into  the  river  are  those 
on  the  north  side,  Oldtown  R^n  and  Swift  Creek,  neither  of  which  run  into  the  new 
channel.  The  artificial  bank  on  the  north  side  will  not  have  a  stream  running  throuj^h 
it.  Ou  the  south  side  the  only  streams  of  importance  will  be  conducted  into  the  river 
at  such  an  acate  angle  as  not  to  create  eddies. 


U  i8. 


IMPROVEMENT   OF    THE   SOUTH    BRANCH    OF  THE    ELIZABETH   RIVER, 

VIRGINIA. 

The  improvement  proposed  was  the  excavation  of  a  channel,  60  feet 
wide  at  the  bottom  and  7^  feet  deep  at  mean  low-water,  through  the 
numerous  bar8  and  shoals  between  the  lock  of  the  Albemarle  and  Chesa* 
peake  Canal  and  Deep  Creek  three  and  a  half  miles  below ;  also,  the 
cntting  off  of  one  or  two  points  where  the  bends  in  the  river  were  very 
abrupt.     Such  a  channel  has  been  excavated  nearly  continuously  for 
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6,400  yards  from  the  lock  down,  and  below  that  distance  at  intervals 
through  the  shoals  as  far  as  the  funds  would  allow.  There  are  still  two 
shoals  known  as  Nicaraugua  Bar  and  the  Deep  Creek  Bar,  through  which 
dredging  is  required  before  the  work  already  done  will  be  available  to 
the  full  extent. 

The  work  has  been  done  under  two  contracts.  The  first  was  with 
Mr.  G.  H.  Ferris,  of  Brooklyn,  who  removed  29,500  cubic  yards  of  ma- 
terial from  the  river  between  October  13  and  December  24,  1873.  The 
second  was  with  Mr.  Marshall  Parks,  who,  between  March  4  and  June 
18, 1874,  removed  11,855  cubic  yards,  of  which  7,118  cubic  yards  were 
deposited  on  the  banks  of  the  river  at  various  points,  and  4,737  yards 
were  thrown  off  lighters  in  coves  where  there  was  little  danger  of  its 
return  into  the  channel.  The  matter  removed  by  Mr.  Ferris  was  also 
dumped  in  coves. 

The  work  will  be  continued,  as  far  as  funds  are  available,  toward 
completion  during  the  year  ending  June  30, 1875,  in  the  use  of  the  ap- 
propriation of  $10,000  of  June  23, 1874. 

The  improvement  affects  a  large  shipping  interest  in  Norfolk,  Balti- 
more, and  North  Carolina,  as  at  present  a  number  of  vessels  in  the  river, 
in  passing  to  and  from  the  canal,  are  compelled  at  times  to  wait  several 
hours  for  a  suitable  tide.  When  the  work  is  once  completed  by  the 
United  States  there  will  be  small  annual  repairs  necessary  for  the  chan- 
nel, which,  it  is  supposed,  will  be  made  by  the  company,  of  whose  canal 
the  river  is  the  actual  extension  to  Norfolk. 

The  river  is  in  the  collection-district  of  Norfolk,  which  is  the  nearest  port  of  entry. 

From  the  report  of  Mr.  Marshall  Parks,  president  of  the  canal  com- 
pany, for  the  year  ending  September  30,  1873,  it  appears  that  the  num- 
ber of  vessels  passing  through  the  canal  for  that  year  was  5,618  of  all 
kinds,  of  which  2,075  were  steamers,  nearly  all  of  greater  draught  of 
water  than  could  be  taken  through  the  river  at  low  tide.  As  the  vessels  of 
other  classes  were,  to  a  great  extent,  dependent  upon  the  steamers  for 
towing,  they  also  were  subject  to  detention.  This  canal  is  somewhat 
peculiar  in  character,  having  but  a  single  lock,  which  is  one  of  the  tinest 
in  the  country,  and,  having  no  towing-path,  steam  is  the  only  artificial 
motor  used  upon  it.  The  communication,  of  which  the  Elizabeth  River 
and  this  canal  are  parts,  is  a  highly  important  one. 

This  improvement  was  estimated  to  cost  $25,000.  The  appropriations  by  Congress 
have  been  $15,000  March  3, 1673,  and  |10,000  June  23,  1874 ;  total,  $25,000. 

Some  of  the  work  by  contract  has  cost  considerably  more  than  was 
expected,  owing  to  the  unusual  difficulties  found  in  disposing  of  the 
material  removed  by  the  dredges,  and  the  inability  to  procure  and  con- 
trol reliable  labor  in  that  section  of  country,  amounting  at  times  nearly 
to  a  suspension  of  work. 

What  has  been  stated  and  the  non-continuity  of  operations,  which 
always  adds  to  expense,  make  it  necessary  to  ask  for  $5,000  for  the 
year  ending  June  30, 1876. 

Financial  statement. 

Balance  in  Treasury  of  United  States  Jnly  1,1873 $15,000  OO 

Deduct  amount  expended  in  fiscal  year  1872-73 20  00 

Amount  appropriated  by  act  approved  June  23,  1874 10, 000  00 

Amount  expended  during  the  fiscal  year  ending  June  30, 1874 14,281  7:i 

Amount  available  July  1, 1874 10,698  27 

Amount  required  for  the  fiscal  year  ending  June  30, 1876 5, 000  00 
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Proposals  opened  12.5  c^clockp.  m.,  January  10, 1874. 


1 

Na              Xame. 

Address. 

Kind    and 
namber  of 
machines. 

Time. 

Bemarks. 

Commence. 

Complete. 

1 
1  iMoiTis  &.  Cninfnss 
S  |Har8ball  Parks .... 

New  York  City 
Norfolk  

1  Clam-shell 

Feb.  1,1874 
Fob.  15, 1874 

Apr.    1,1874 
June  IS,  1874 

$0  45 
43 

Will  deposit 
on  marshes. 

Contract,  Marshall  Parka,  at  43  cents  per  cubic  yard. 


commkrcial  statistic?. 

Custom- House,  Norfolk,  Va., 

Colleetor's  Office,  July  18,  1874. 

Sir':  Yoar  communication  of  the  14th  instant,  relative  to  forwarding  sach  informa- 
tion to  yoar  office  that  wonld  be  of  valuable  ansistance  to  yon  in  your  annual  report, 
is  received. 

In  reply,  I  have  the  honor  to  submit  the  following  information,  viz: 

1st.  Ainonnt  of  revenue  collected  at  this  port  during  the  fiscal  year  ending  June  30, 
lc^4,  $82,000. 

2d.  Amount  of  exports  duriujx  the  fiscal  year  ending  June  30,  1374,  $1)830,036. 

'M.  Amount  of  tonnage,  number  of  vessels,  and  crew  entered  coastwise  during  the 
fiscal  year  ending  Juue  30,  1874: 


Class. 


Tonnage.       Crew.      No, 


ENTERED. 

Side-wheel  steamers 

Propeller  steamers 

Barks 

Brigs 

Schooners 

Sloops 

CLEARED. 

Side-wheel  steamers 

Propeller  steamers 

Brigs 

Schooners 

Sloops 


816,008 

403, 471 

2,508 

5,076 

11,886 

35 


23,405 

10,34& 

45 

151 

582 
8 


1,238,984 


34,536 


792,055 

348,902 

707 

6,748 

33 


20,7.'i9 

9,207 

14 

341 

3 


1,148,445 


30.304 


713 
555 

5 

17 

129 

2 


1,421 


687 

499 

2 

76 

1 


4th.  Anaonnt  of  tonnage,  number  of  vessels,  and  crew  of  American  vessels  entered 
from  foreign  ports  during  the  same  period : 
Entered. — ^Tonnage,  1,162 ;  crew,  51 ;  number,  6.* 
Cleared. — Tonnage,  13,474 ;  crew,  375 ;  number,  36. 

Foreign  vessels  for  same  period : 

Entered. — Tonnage,  20,389 ;  crew,  808 ;  number,  54. 

Cleared. — Tonnage,  25,193 ;  crew,  649 ;  number,  48. 

5th.  In  ray  opinion  there  would  be  benefited  by  the  improvement  of  the  harbor  at  this 
port  a  vast  quantity  of  coastwise  shipping,  such  as  the  Old  Dominion  Steamship 
Company  steamers,  Baltimore  Steam  Packet  Company,  Boston  Line  of  Steamers,  Phil- 
adelphia, Richmond,  Washiugton.Edenton,  and  several  other  lines  of  steamers. 

There  would  be  a  great  amount  of  advantage  and  a  vast  deal  of  benefit  in  favor  oi 
the  Allan  Line  of  English  steamers;  also  the  San  Antonio  Line,  of  which  several  of  its 
steamers  touch  at  this  port  every  month.  The  present  indications  at  this  port,  aud  the 
calculations  which  have  been  and  are  now  being  made  by  the  different  merchants  for 
the  purpose  of  the  shipment  of  cotton,  are  demonstrative  of  great  progress. 
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The  amount  of  cotton  exported  to  foreign  countries  the  past  fiscal  year,  as  follows : 
24,819  bales,  amounting  to  11,405,911  pounds,  shows  an  enormous  increase  siuce  the 
opening  of  the  custom-house  in  1864 ;  and  there  are  in  progress  of  erection  three  immense 
cotton -pr&sses,  together  with  the  one  that  has  been  completed  for  the  past  six  mouths, 
which  will  add  materially  to  the  cotton  business  at  this  port. 

The  intended  improvements  to  the  harbor  here  would  be  df  great  benefit  to  the 
large  vessels,  drawing  considerable  water,  which  enter  this  port  for  the  purpose  of  be- 
ing laden  with  merchandise  of  various  kinds. 

It  is  the  intention  of  the  cotton  merchants  of  this  city  to  ship  a  great  quantity  of 
cotton  during  the  coming  fall,  thereby  enlarging  the  commercial  statistics  of  this 
locality. 

Hoping  that  the  above  information  may  be  of  much  benefit  and  advantage  for  your 
annual  report, 

I  am,  very  respectfully,  your  obedient  servant, 

Chas.  E.  Gettslich, 

Major  W,  P.  Craighill,  Deputy  Collector. 

Corps  of  Engineers.  U,  S,  A. 


Letter  of  President  Albemarle  and  Chesapeake  Canal  Company, 

Office  of  the  Albemarle  and  Chesapeake  Canal  Company, 

Norfolk,  Va.y  July  25,  1874. 

Sir:  In  reply  to  your  letter  respecting  the  southern  branch  of  the  Elizabeth  River, 
I  would  state  that  the  excavation  in  the  natural  channel,  executed  uuder  your  direc- 
tion during  the  past  season,  has  greatly  improved  the  navigation,  and  it  is  confidently 
expected  that  when  the  work  is  fully  completed  as  desired,  for  which  Congress  has 
made  a  partial  appropriation,  vessels  drawing  less  than  eight  feet  of  water  will  be  able 
to  arrive  and  leave  the  lock  of  the  canal  of  this  company  at  all  stages  of  the  tide. 

The  Albemarle  and  Chesapeake  Canal  Company  have  expended  several  thoasand 
dollars  in  the  improvement  of  the  natural  chaunels  leading  to  their  canals,  and  I  need 
only  call  the  attention  of  the  public  to  the  importance  of  this  improvement  to  the 
"commerce  between  the  States"  by  stating  the  traffic  through  the  canal  for  the  past 
year.  By  the  printed  report  of  the  company  for  the  fiscal  year  ending  September  30, 
1873,  five  thousand  seven  hundred  and  seventy  vessels,  consisting  of  steamers,  schoon- 
ers, sloops,  barges,  lighters,  boats,  aud  rafts,  have  passed  through,  and  during  the  nine 
subsequent  months,  ending  June  30, 1874,  there  have  passed  four  thousand  taree  hun- 
dred and  eighty-four  vessels  of  all  clashes. 

I  would  also  mention  that  such  has  been  the  progress  of  using  steam  on  the  Albe- 
marle and  Chesapeake  Canal  (which  vvas  designed  aud  Ciinstructed  expressly  for  this 
purpose)  that  sixty-four  steamers  have  been  running  on  the  canal  during  the  present 
year,  and  since  the  opening  of  navigation  by  this  company,  in  1861,  fifty  thousand  one 
hundred  and  eighty-three  vessels,  all  of  which  have  been  propelled  by  steam  or  towed  by 
steamers,  have  passed  through  this  new  canal  and  inland  line,  from  New  York,  Phila- 
delphia, Baltimore,  and  Noifolk,  to  the  several  ports  in  North  Carolina,  to  Charleston, 
Savannah,  and  other  southern  ports. 

I  cannot  close  this  letter  without  expressing  the  hope  that  Congress  will  make  addi- 
tioual  appropriations  to  improve  the  inland  waters  from  the  North  to  the  South,  and 
that  the  few  links  required  to  make  the  inland  navigation  from  Massachusetts  to 
Florida  may  be  completed  at  an  early  day. 

More  than  half  a  century  ago  thevreat  importance  of  this  line  of  interoommuni  ca- 
tion, considered  in  a  national  point  of  view,  received  an  official  recognition  in  a  report 
of  the  Hon.  Albert  Gallatin,  the  then  Secretary  of  the  Treasury.  He  recommended  the 
line  adopted  by  this  company  as  the  shortest  and  cheapest  route  for  a  line  of  inland 
navigation  between  the  North  and  South,  which,  together  with  the  Chesapeake  and 
Delaware  and  the  Delaware  and  Raritan  Canals,  completes  a  chain  of  inland  naviga- 
tion from  New  York  southward,  a  distance  of  about  600  miles,  avoiding  the  dangers  of 
Hatteras  and  the  coast  of  North  Carolina. 
Respectfully,  your  obedient  servant, 

Marshall  Parks,  President, 

Col.  W.  P.  Craighill, 

Corps  of  Engineers^  U,  8,  A, 
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Comparative  sialement  of  tolls  and  towing  received  during  each  year  from  September  30, 1865, 
to  September  30, 1873,  inclusive. 


Tear. 


ToUa. 


To\tiag. 


Total. 


Twir  ending  Sepiemlier  30, 1866, 
Tear  ending  Septeml  e-  30,  1807 
Year  ending  September  30,  1868, 
Teiir  ending  September  30,  1869, 
Trar  ending  September  30, 1870 
Year  ending  September  30, 1871 
Year  ending  September  30, 1872 
Year  ending  September  30, 1873. 

Total .• 


«-4i,3-l6  54 
48,  6M»2  01 
47,  87-2  43 
45, 073  60 
47. 662  56 
55, 778  72 
60, 846  64 
73,251  88 


$9,241  75 
10,  810  83 
10,398  14 
11,452  26 
10,  567  61 
8,  806  77 
10,251  58 
11,587  16 


420, 514  3d 


a3, 116  10 


150.588  29 
59,  41)2  84 
58,  270  57 
56, 525  86 
58, 230  17 
64,  585  59 
71,098  22 
84,  839  04 


503, 630  46 


Report  of  number  and  class  of  vessels  passing  through  the  Albemarle  and  Chesapeake  Canal 
for  the  fiscal  year  ending  September  30,  1873. 


c                      Month. 

>* 

1 

1 

1 

i 

& 

•a 

3 

39 
37 
13 
11 
17 
48 
31 
29 
21 
99 
83 
32 

1 

1 

1872 
1872 
1b72 
1873 
1873 
1873 
1873 
1873 
1873 
1873 
lKr3 
1873 

October 

162 
163 
105 
167 
132 
185 
182 
195 
193 
195 
210 
186 

81 
101 

87 
128 
131 
143 
147 
130 
118 
144 
104 

66* 

33 

47 
38 
71 
60 
87 
64 
44 
39 
45 
39 
25 

20 
23 
13 
SO 
10 
16 
81 
11 
23 
26 
23 
19 

71 
73 
41 
-2 
69 
75 
89 
102 
86 
70 
6:i 
73 

5 

9 

1 

7 

6 

2 

11 

18 

20 

22 

32 

19 

411 

I  November - 

453 

Decemlxjr 

298 

1  January  

476 

1  February 

425 

March 

556 

April 

545 

Mky  .1 :....:..:::.. 

529 

June 

500 

Jnly 

601 

August 

556 

September 

420 

Total 

2,075 

1,380 

592 

225 

886 

490 
396 

460 

152 

5,770 

North 

1.030 
1.045 

699 
681 

298 
294 

140 
95 

234 
226 

152 

3,033 
2.737 

South       —  .. 

Total 

2,075 

1,380 

592 

235 

886 

460 

152 

5,770 

Xumber  and  class  of  vessels  passing  through  the  Albemarle  and  Chesapeake  Canal  from  Sep- 
tember 30,  1860,  to  September  30,  1873. 


Year. 

I 

1 

i 

1 

1 

s 

1 

1 

5  • 

ij^ei 

671 

453 

377 

953 

1,300 

1.062 

1,112 

1.093 

1.093 

1,487 

1,050 

1.667 

2,075 

1,139 
192 
62 
24 
266 
739 
907 
914 
752 
859 
944 
1,070 
1,380 

74 

88 

71 

15 

190 

302 

358 

442 

398 

437 

555 

523 

592 

153 
69 
16 
124 
122 
256 
313 
381 
297 
167 
183 
158 
225 

"300 

275 

292 

96 

79 

338 

763 

778 

950 

911 

1,030 

752 

886 

179 
188 
125 
174 
602 
921 
761 
1,066 
1,077 
486 
483 
553 
460 

8 

5 

3 
18 
29 
26 
36 
35 
49 
83 
152 

2,  524 

1.265 

950 

lr62 

lHi3 

iiim             

1  391 

lrtJ5     

2,562 
3,636 
4.243 
4,  730 
4,638 
4,382 
4,900 
4,808 
5,770 

i«6e 

1h67 

1^68 

IfHiU 

1870 

1h71 

1872                        

1873                      

Total T 

15,034 

9,285 

4,045 

2,464 

7,450 

7,075 

446 

45,799 

KOKFOLK,  Ya.,  September  30, 1873. 
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jA8i  of  steamers  navigating  the  Albemarle  and  Chesapeake  Canal,  number  of  passages^  and 
amount  of  tolls  paid,  for  the  fiscal  year  ending  September  30,  1873. 


Xames. 


Astoria 

Alpine 

Ara^o.  (U.S) 

Annie  Wood 

Beuj.  Winder 

Brooklyn 

Cvgnet 

Chowan,  (company's  tag). 
Oroatan,  (company's  tUK) . 

Curritack 

Clarion  and  raft 

Com  merce 

Dixie  

£.  Ludlow  and  barge 

E,  B.  Lane  and  barge 

E.  Chamberlaine 

Elizabeth  City 

Erie  Enterprise 

EminaDnun 

E.  W.  Molyneanx  and  raft 

E.  Pay  son 

Estelfe 

E.  A.  Stephens,  (U.  S) 

GnidingStar 

Haekensack  

HeUotrope,  (U.S) 

Hero  ana  raft 

Harbinger 

H.Smith 

Xsis «.... 

Ida  and  raft «... 

I.  D.  Coleman 

Jot)  Townsend 


Passages. 


85 

17 

2 

1 

87 

87 

227 

159 

148 

46 

61 

38 

1 

34 

45 

18 

11 

9 

4 

39 
1 

15 

1 

S 

34 

8 

2 

1 

3 

1 

33 

19 

87 


Tolls. 


13, 729  76 

45  39 

.   38  00 

3  75 

866  05 

93  34 

8,340  05 


1,188  30 

1, 495  79 

1,533  76 

430 

1, 334  52 

1, 307  27 

323  67 

135  31 

275  80 

55  39 

453  20 

46  50 

69  05 

39  00 

30  99 

1,291  09 

120  00 

97  00 

13  33 

23  15 

89  30 

1, 573  23 

603  63 

748  51 


Names. 


Jnniper  and  raft 

J.WTAUiiion 

J.B.  Woodward 

Loaisa 

L.  G.Cannon 

Lucy 

Lumberman  and  raft  — 

Lynuhaven 

Laura  and  raft 

MollieWentz 

Nettie  and  raft 

N.W.A.Cobb 

North  Carolina 

Olive 

Kotary 

Kaleigh 

R.  T.  Waters  and  raft. . . . 

Sparkle 

Scow 

San  Antonia 

S.  J.  Fleramlng 

Tulip.  (U.S) 

Tho«.E.  CahiU 

Thos.  Jefferson 

United 

Uncle  Knoff,  (U.  S) 

W.G.  Oler 

Wra.  Nuci 

Wra.  Gates 

W.H. Seward,  (U.S)  ... 
Winnepenny  and  barges 


Total. 


Passages. 


Tolls. 


43 

101 

63 

9 

95 

34 

1 

1 

3 

8 

15 

13 

18 

1 

6 

1 

3 

1 

1 


$493  53 
44  80 

141  00 
3, 179  39 
8,106  14 
1,380  36 

814  30 

996  53 
8,415  68 

579  87 
8, 147  97 


687  43 
8,300  56 
1, 133  18 

363  73 
3,473  80 

397  43 
39  10 

64  60 
143  17 
436  80 
719  36 
111  51 
939  6t 

41  80 
328  34 
9  30 
46  93 
80  00 

65  SO 


3,075         45,351  66 


List  of  steamers  passing  through  the  Albemarle  and  Chesapeake  Canal,  and  number  of  pas' 
scCges  from  October  1, 1873,  to  June  30,  1874. 


Names. 

Passages. 

Names. 

Passages. 

Names. 

Passages. 

Astoria 

60 

6 

3 

16 

47 

69 

3 

161 

130 

69 

3 

35 

16 

33 

7 

80 

4 

7 

3 

59 

8 

4 

Harbinger - . 

5 

3 
17 

3 
83 
31 

4 

1 
53 
52 
50 
40 
6P 
39 

3 
38 
38 
34 

9 
69 

1 
88 

Nettie 

7 

Alida 

Helen  Smith 

Haekensack 

lais  

Olive 

75 

A  rago . 

Pamlico 

3 

BerJ!  Winder 

Belle  Virginia 

Brooklyn 

Propeller 

1 

Ida 

Rotary 

32 

J.D.Coleman 

J.M.Molyneaux.... 

Jas.  T.  Eastmor 

J.  B.  Woodward  .... 
Juniper 

Raleigh !. 

77 

Bloomsbnrir   

Buggies .    ......... 

1 

Cviraet..f 

R.T.  Waters 

Silver  Wave 

Sparkle 

57 

Chowan 

17 

Oontran 

33 

Chester 

Joe  Townsend 

Lynnbaven 

Stanley  - T - T,T, ,   -- 

3 

Commerce ......  .... 

Sea  Weed 

s 

Clarion 

L.  G.Cannon 

Laura 

Lt.  Fields 

5 

Currituck 

Stephen 

I 

E.City 

Tulip 

4 

E.  Ludlow 

Lausin 

T.  J.(3ochran 

Tucbapoo 

30 

Emma  I^nn ......... 

Lucv 

8 

E.  B.  liane 

MollleWentjs 

MaryC 

Unitea     

14 

Esielle 

Wm.  Gates 

3 

E.W.Molyneaux.... 

Erie  Enterprise 

Heliotrope 

Mary  RBoberts.... 

May  Flower 

North  Carolina 

Zonhvr 

1 

Total 

1,699 

Number  and  class  of  vessels  passed  through  the  Albemarle  and  Chesapeake  Canal  fi^om  Octo- 
ber 1,  1873,  to  June  30,  1874. 

Steamers 1,699 

Schooners : 1,134 

Sloops 480 

Barges 262 

Lighters 556 

Boats 159 

Rafts 94 

Total 4,384 
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U19. 
IMPROVEMENT  OF  NANSEMOND  RIVER,  VIRGINIA. 

Daring  the  month  of  July,  1873,  the  snags  and  sunken  trees  in  the 
bed  of  the  river,  and  the  overhanging  trees  and  branches  on  its  banks, 
which  were  obstructing  navigation,  were  removed. 

The  construction  of  the  proi)osed  regulating  and  retaining  dike  was 
commenced  August  6,  and  suspended  January  13,  1874,  when  2,156 
linear  feet  of  it  had  been  completed. 

During  the  mouths  of  October  and  November  all  the  artificial  ob- 
structions in  the  channel- way  of  the  river  were  removed  by  blasting, 
hoisting,  and  dredging.  They  consisted  of  the  wrecks  of  a  schooner  and 
a  sloop,  and  41  piles  near  the  Western  Branch  bar,  and  19  piles  in 
Lower  Blockade,  about  four  miles  from  the  mouth  of  the  river. 

An  examination  of  the  bar  at  the  Western  Branch  and  its  vicinity 
was  made  in  April,  1874,  and  it  was  found  that  (owing  to  the  contraction 
of  the  river-bed  by  the  dike)  the  river  had  commenced  cutting  deeper 
the  channel  at  the  upstream  end  of  the  bar. 

Proposals  for  dredging  were  invited  and  a  contract  made  with  Messrs.* 
Morris  and  Cumings,  June  1,  1874. 

The  contractors  commenced  operations  June  5,  and  it  is  expected  that 
they  will  finish  their  contract  about  July  15.  A  channel  75  feet  wide 
at  bottom  and  7  feet  deep  at  mean  low-water  will  then  be  available. 

This  work  is  located  in  the  collection-district  of  Norfolk,  which  is  the  nearest  port  of 
entry.    Amount  of  revenue  collected  at  that  place  during  last  fiscal  year,  $':^2,000. 

For  farther  statistical  data,  reference  is  requested  to  report  of  Chief  of 
Engineers  for  1872,  pages  726  and  726. 

The  estimate  for  the  improvement  of  this  river  was  $30,000.  There  have  been  appro- 
priated by  Confi^ress  $15,000  March  3, 1873,  and  $10,000  June  23, 1874— total,  $25,000,  leav- 
ing $5,000  to  be  appropriated  to  fill  the  estimate  and  complete  the  work. 

Financial  statement 

Balance  in  Treasury  of  United  States  July  1, 1873 $12,500  00 

Amount  in  hands  of  officer,  and  subject  to  his  check 2, 087  30 

Amount  appropriated  by  act  approved  June  23, 1874 10, 000  00 

Amount  expended  duriuff  the  fiscal  year  ending  June  30, 1874 9, 175  99 

Amount  available  July  1.  1874 15,411  31 

Amount  required  for  the  fiscal  year  ending  J  une  30, 1876 5, 000  00 

Bida  opened  at  12  o'clock  m.  May  27, 1874. 


Name. 

Address. 

Kind  and  number 
of  machines. 

hi 
III 

Time. 

1 

u 

1 

Begin. 

Complete. 

1 
1 

1 

E.  W  Ferris 

Brooklyn 

New  York 

Baltimore 

Portland,  Me... 
Portsmouth,  Va 

1  Osgood 

1  Clam-shell 

'1^- 

June  5,1874 
June  5,1874 

June  29, 1874 
June  15, 1874 
Juno  20, 1874 

Aug.   1,1874 
July  15, 1874 

Oct   31,1874 
Aug.   1,1874 
Sept  20, 1874 

Ct8. 
27 

9 

Morris    &    Cnminga'a 

Curtis,  Fobee  &  Co 

H.  E.  Culpepper ...;... 

20 

^ 

Osgood 

30 

4 

5 

Clam-shell 

1  or  more  Osgood 

9,000 

34 
37 

CoDtraot: 
cuUeyard. 


James  Cnmmings,  president  Morris  &.  Cumings's  Dredging  Company,  at  20  cents  per 
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U20. 

IMPROVEMENT    OF    THE    ROANOKE     RIVER    BELOW    WELDON,    NORTH 

CAROLINA. 

As  was  stated  in  the  last  annual  report,  a  second  snag-boat  of  larger 
size  had  been  fitted  up  to  be  used  in  conjunction  with  the  old  one.  This 
boat  was  towed  up  the  river  early  in  July,  1874,  nearly  to  Weldon, 
to  be  ready  to  commence  operations  so  soon  as  the  river  was  in  a  favor- 
able condition,  which  was  not  until  September  25,  owing  to  freshets. 
A  succession  of  these  had  caused  much  delay  during  the  whole  year. 

The  entire  course  of  the  river  from  the  railroad  bridge,  one  mile  below 
Weldon  to  its  mouth,  a  distance  of  about  one  hundred  and  thirty  miles, 
has  been  carefully  dragged,  and  there  have  been  removed  47  bad  snags, 
and  10  rafts  of  trees,  timber,  &c.,  which  had  lodged  at  different 
places.  These  rafts  are  generally  caused  by  land-slides.  A  large  num- 
ber of  overhanging  trees,  throughout  the  course  passed  over,  have  been 
cut  down  or  trimmed,  and  as.  the  land-slides  are  generally  due  to  such 
trees,  it  is  probable  they  may  be  fewer  hereafter. 

The  cut-off  known  as  the  DeviPs  Gut,  by  which  the  distance  between 
Jamesville  and  Williamston  is  reduced  about  six  miles,  an  important 
saving,  has  been  cleared  out  to  within  three  miles  of  the' lower  end,  the 
space  passed  over  being  the  worst  portion.  The  snag-boats  were  towed 
to  the  upper  end  of  the  gut  and  operations  commenced  there.  Eight  very 
large  snags  have  been  taken  out.  The  masses  of  trees  and  rafts  which 
had  lodged  made  the  passage  impossible  for  any  but  a  small  boat.  By 
the  removal  of  these,  and  the  cutting  down  of  overhanging  trees,  a  way 
is  cleared  for  small  steamers  to  pass  through. 

In  January,  1874,  the  snag-boats  assisted  in  raising  a  tug-boat  which 
was  sunk  in  the  river  by  accident,  and  otherwise  would  probably  have 
been  totally  lost,  as  well  as  become  seriously  hurtful  to  the  regimen  of 
the  stream. 

Under  a  contract  for  the  purpose,  Mr.  Foote  has  removed  from  the 
bed  of  the  river,  or  so  broken  up  that  the  remains  no  longer  obstruct 
navigation,  a  light-boat  at  Broad  Greek,  a  steamboat  near  Jamesville, 
and  a  light-boat  and  three  schooners  at  Willow  Bend.  These  were  the 
last  wrecks  in  the  river  which  impeded  its  navigation. 

Mr.  Foote  has  also  done  some  work  under  his  contract  for  removing 
rock  near  Weldon,  but  has  been  very  much  retarded  by  freshets.  All 
the  necessary  blasting  is  reported  as  done,  but  the  actual  removal  is 
not  yet  completed.  It  is  expected  that  he  will  finish  his  work  this 
summer. 

The  operations  have,  on  the  whole,  been  satisfactory,  although  much 
interrui)ted  during  high  stages  in  the  river.  The  navigation  is  mate- 
rially improved.  It  is  believed  very  few  snags  have  been  passed  over. 
A  few  could  not  be  taken  out  with  the  machinery  available.  These 
should  be  removed  by  blasting.  It  is  expected  that  the  snag-boats  will 
again  pass  over  the  entire  length  of  the  river  below  Weldon. 

The  improvement  of  this  riv^er  is  of  much  interest  to  the  whole  of  the 
adjacent  country,  for  which  it  is  the  only  outlet.  This  is  an  exceed- 
ingly fertile  country,  from  which  its  products,  cotton,  lumber,  and 
shingles,  are  shipped  in  large  quantities. 

The  river  is  situated  in  the  collection-district  of  Edenton,  which  is  the  nearest  port 
of  entry.    The  nearest  light-house  is  the  Roanoke  River  light. 

In  a  report  of  December  6, 1871,  printed  in  annual  report  for  1872,  an 


Digitized  by  LjOOQ  IC 


REPORT  OP  THE  CHIEF  OP  ENGINEERS.  65 

estimate  was  presented  of  $270,000  for  giving  5  feet  at  lowwater  from 
Weldon  down. 

The  appropriationB  by  CoDgreas  bave  been  $20,000  March  3, 1871,  $10,000  June  10, 
1872,  f  10,000  March  3, 1873,  $5,000  June  23, 1874  ;  total,  $45,000. 

On  the  30th  Jane,  1874,  the  sam  of  $15,227.94:  was  available  for  this 
river.  Up  to  this  time  operations  have  been  confined  to  removing 
wrecks,  snags,  rafts,  overhanging  trees,  sunken  logs,  and  some  rocks 
near  Weldon,  which,  except  the  last,  should  be  continued.  Unless  it 
is  determined  to  enter  systematically  upon  the  improvement  of  the 
river  in  the  attainment  of  a  low- water  depth  of  5  feet,  no  appropriation 
is  needed  for  year  ending  June  30, 1876.  If  that  work  is  to  be  carried 
out,  the  sum  of  $100,000  should  be  provided  for  the  first  year. 

A  report  was  made  on  the  Boanoke  Biver,  dated  January  17, 1871, 
which  was  omitted  from  the  annual  report  for  that  year.  It  is  worth 
printing,  and  is  now  appended  hereto  as  a  part  of  the  history  of  the 
improvement. 

A  letter  from  the  collector  of  customs  at  Edenton,  N.  C,  dated  August 
25, 1874,  is  also  appended  hereto. 

Financial  statement. 

Balance  in  Treaaury  of  United  States  July  1,  1873 $20,000  00 

Amount  in  hands  of  offioer  and  sabject  to  his  check 4,073  41 

Amonnt  appropriated  by  act  approved  June  23, 1674 5, 000  00 

Amount  expended  during  the  hscal  year  ending  June  30^  1874 13, 862  22 

Amount  available  July  1, 1874 15,227  94 


Beport  of  Jantiary  17, 1871. 

United  States  Engineee  Office, 

Baltimore,  Md.y  January  17, 1871. 

GENEBAii :  It  is  now  apparent  that  it  will  be  impossible  for  me  to 
make  a  report'  on  the  Boanoke  Biver  (such  as  I  wish  to  submit)  in  time 
for  its  consideration  by  you  in  less  than  a  month  from  this  date,  and  it 
seems  proper  that  the  cause  of  this  delay  should  be  stated,  and  a  pre- 
liminary report  made  at  once. 

It  will  be  recollected  that  authority  for  the  survey  was  not  given  by 
Congress  until  late  in  the  summer  of  1870.  The  annual  unhealthy  sea- 
son of  the  country  through  which  the  Boanoke  flows  had  already  begun. 
It  proved  to  be  more  unhealthy  than  usual.  It  was  impossible  for  me 
to  make  the  examination  of  the  river  in  person,  other  duties  preventing. 
I  was  advised  that  it  would  be  dangerous  for  unacclimated  persons  to 
spend  even  a  single  night  upon  the  river,  much  less  to  attempt  a  con- 
tinued survey  or  examination  of  it,  until  the  malarious  season  should  be 
ended  under  the  influence  of  frost.  Suitable  persons,  who  were  accli- 
mated, could  not  be  procured. 

In  the  mean  time  a  partial  examination  was  made  by  myself  and  as- 
sistants, and  considerable  information  was  collected  by  personal  inter- 
views and  written  correspondence  with  those  who  claimed  to  know  the 
river  well. 

As  soon  as  the  weather  permitted  a  party  was  placed  upon  the  river, 
and  the  survey  from  Weldon  down  commenced,  under  direction  of  Mr. 
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George  H.  Elliott,  the  efficient  civil  assistant  for  sereral  years  past  at 
Fort  Monroe. 

The  survey  progressed  well,  when  it  was  interrupted  by  the  forma- 
tion  of  ice  in  the  river  in  December,  a  most  unusual  occurrence  in  that 
locality. 

I  have  to-day  had  a  letter  from  Mr.  Elliott,  dated  12th  instant,  in  which 
he  states  that  the  survey  cannot  be  completed  before  the  early  part  of 
next  month.  The  report  will  be  rendered  as  soon  after  the  1st  of  Feb- 
ruary as  practicable,  but  in  all  probability  not  before  the  adjournment 
of  the  present  session  of  Congress.    I  regret  this  fact  very  much. 

That  part  of  the  river  above  Weldon  has  been  the  subject  of  consid- 
eration and  report  by  several  local  engineers  in  years  gone  by,  with  a 
view  to  determining  the  proper  means  of  passing  the  rapids  between 
the  successive  pools  into  which  that  part  of  the  river  is  divided. 

The  Roanoke  Kiver,  for  a  considerable  part  of  its  course,  and  the 
Dan  and  Staunton  Bivers,  which  by  their  union  form  the  Boanoke,  flow 
through  a  country  of  much  fertility,  producing  tobacco,  cotton,  wheat, 
corn,  timber,  hides,  &c.  The  fisheries  at  the  mouth  of  the  Boanoke  are 
also  very  valuable. 

Steamers  from  Norfolk  plying  through  the  canals  and  sound  carry 
to  that  city  the  produce  of  the  Boanoke  country,  from  HilPs  Ferry  to 
the  mouth  of  the  river.  There  is  another  line  of  steamers  on  the  river, 
between  Hill's  Ferry  and  Weldon,  which  is  a  feeder  to  the  railroad  from 
Weldon  to  Portsmouth. 

At  and  near  Weldon  are  found  the  principal  falls  in  the  river,  which, 
although  making  a  formidable  obstacle  to  the  navigation  of  the  river, 
afford  a  very  fine  water-power  for  manufacturing  purposes,  in  close 
proximity  to  the  raw  material,  cotton }  in  a  country  richly  productive 
in  provisions ;  with  feed  cheap  and  near  at  hand }  with  rapid  means  of 
communication  with  all  parts  of  the  country,  and  with  easy  access  to 
the  sea,  through  the  ports  of  Bichmond,  Norfolk,  and  Petersburg,  within 
short  distances. 

Above  Weldon  the  falls  are  turned  by  a  canal.  Above  the  canal  the 
navigation  of  the  Boanoke  and  its  tributaries  has  been  carried  on  by 
means  of  bateaux.  These  boats  are  about  50  feet  in  length,  from  5  to 
8  feet  broad,  with  a  carrying-capacity  of  about  six  t>ons,  and  a  draught 
of  water  of  about  15  or  18  inches  when  loaded.  The  trade  carried  on  by 
these  boats  was  in  former  years  extensive,  important,  and  highly  valua- 
ble. It  has  greatly  fallen  off  since  the  introduction  of  railroi^s  through 
the  country,  which  afford  a  much  more  rapid  means  of  transport  of  the 
products  of  the  country  to  market  and  of  return  freights.  The  rates  of 
freight  on  the  railroads  are  of  course  higher,  and  the  people  are  very 
anxious  for  such  an  improvement  in  the  navigation  of  the  river  above 
Weldon  as  will  allow  the  advantageous  use  of  light-draught  steamers. 

In  1823  Mr.  Isaac  Briggs  estimated  that  a  sufficient  improvement  of 
the  Upper  Boanoke  at  that  time  could  be  made  for  $25,030.  His  report 
on  the  Boanoke  and  its  tributaries  is  quite  elaborate. 

Mr.  John  Oouty^s  estimate  of  1838,  for  improving  the  Boanoke  for 
more  extended  uses,  by  lock  and  dam  navigation,  amounted  to  $350,000. 

It  is  the  opinion  of  an  experienced  civil  engineer,  who  knows  the  pres- 
ent condition  of  the  Upper  Boanoke,  that  a  depth  of  two  feet  could  be 
obtained  at  moderate  cost. 

I  am  not  now  prepared  to  submit  a  project  or  an  estimate  for  the  im- 
provement of  the  Boanoke  above  Weldon,  neither  the  time  nor  money 
at  my  disposal  having  been  sufficient  to  enable  such  an  examination  to 
be  made  as  would  give  the  data  for  an  estimate.    A  considerable  sum 
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of  money  has  been  expended  on  that  portion  of  the  riven  under  the 
direction  of  a  company  holding  a  charter,  as  I  am  informed,  from  the 
States  of  North  Carolina  and  Virginia,  but  I  have  been  unable  to  learn 
its  amount,  or  whether  the  expenditure  proved  remunerative. 

Several  small  vessels  were  sunk  during  the  war  in  the  Lower  Eoanoke, 
which  should  be  removed. 

Dredging  will  be  needed  in  several  places,  with  perhaps  the  removal 
of  some  overhanging  and  &l]en  trees;  and  snags  require  to  be  cut  away. 

When  Mr.  Elliott  has  completed  his  survey,  plans  and  estimates  for 
the  improvement  of  the  river  will  be  submitted.  Enough  is  already 
known  to  indicate  that  the  sum  of  $40,000  can  be  advantageously 
expended  upon  the  Boanoke  in  the  next  fiscal  year. 

I  send  herewith  papers,  &c.,  as  follows  : 

1.  Report  (1823)  of  Isaac  Briggs,  on  Roanoke,  Dan,  and  Stannton  Rivers. 

2.  Report  (1336)  of  Thomas  Hlanchard,  on  navigation  of  Upper  Roanoke. 

3.  Report  (183d)  of  John  Conty,  on  Upper  Roanoke. 

4.  Article  from  Roanoke  News,  of  January  7, 1869,  pablished  at  WeldoD,  relative  to 
navigation  of  the  river,  &o. 

5.  Communication  of  October  14, 1870,  from  Mr.  Charles  G.  Manning,  collector  of  the 
district  in  which  the  Roanoke  River  is  situated. 

6.  Consolidated  statement  of  tolls  collected  at  Gaston,  from  October,  1845,  to  Octo- 
ber, 1864. 

7.  Detailed  and  consolidated  statement  of  tolls  and  articles  subjected  to  toll  at  Gaston 
from  October  1, 1844,  to  October  1, 1851. 

8.  Map  of  part  of  the  town  of  Weldon,  showing  location  of  canal,  basin,  4&c.,  Decem- 
ber 11,  1868. 

9.  Map  of  canal  in  plan  and  profile,  and  of  Roanoke  River,  &c.,  near  Weldon,  March, 
1860. 

10.  Map  showing  course  of  Roanofte  River,  from  its  mouth  to  some  distance  above 
Gaston. 

11.  Map  in  two  sheets,  showing  course  of  Roanoke  above  Williamston,  and  of  its 
tributaries,  the  Dan  and  Stauuton  Rivers. 

Very  respectfully,  your  obedient  servant, 

Wm.  p.  Craighill, 

Maj(n'  of  Engineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  EngifieerSy  U.  8.  A. 


Commercial  sUiiisHcs. 

CUSTOM-HOUSB,  Edenton,  N.  C, 

ColleoUn'a  Office,  August  25, 1874. 

Sir  :  Your  letter  of  the  14th  of  July  came  duly  to  hand  and  contents  noticed.  The 
delay  in  answering  your  inquiries  is  owing  to  the  tardiness  of  the  parties  to  whom  I 
wrote  some  weeks  affo  in  giving  me  the  information  desired.  I  now  furnish  onlv  par- 
tial returns.  Time  is  passing  rapidly,  and,  fearing  yon  mi^ht  conclude  I  had  neglected 
vonr  letter,  I  deemed  it  better  to  furnish  yon  at  once  with  all  the  information  it  has 
been  possible  for  me  to  derive  from  the  various  sources  to  which  I  have  applied. 

I  have  the  honor  to  report  the  following : 

Ist.  The  collection-district  is  Albemarle.  2d.  Amount  of  revenue  collected  during 
the  fiscal  year  ending  30th  June,  1874,  on  foreign  importations,  is  $265.73.  Amount 
marine-hospital  does  collected  during  same  period  is  $597.69. 

There  ia  no  port  of  entry  excepting  the  port  of  Edenton  for  vessels  engaged  in  the 
foreign  trade.  There  are  several  ports  of  entry  and  delivery  below  Edenton  and 
above  Edenton,  on  the  Roanoke  River  and  tribataries,  for  vessels  in  the  coastwise 
trade.  Below  Edenton,  viz:  Columbia,  Elizabeth  City,  Coinjock,  and  Crawford. 
Above  Edenton,  viz :  Plymouth,  Windsor,  Jaraesville,  Williamston,  Hamilton,  Hill's 
Ferry,  and  others. 


Digitized  by  VjOOQ  IC 


J 


68  REPORT   OP   THE   CHIEF   OF   ENGINEERS. 

The  amount  of  commerce  and  navigation  on  tho  Roanoke  River  and  its  tribataries 
is  as  follows : 

The  amount  of  imports  from  northern  ports  landed  at  Plymonth  and  other  places  on 
the  Roanoke  River  and  its  tribntaries,  molading  fertilizers,  (value  of  $30,000,)  about 
(850,000.  Amount  of  products,  including  timber  of  all  kinds,  cotton,  and  other  prod- 
ucts, and  the  fisheries,  13,500,000.  Total  tonnage  employed  in  carrying  on  above  trade, 
about  200,000  tons. 

The  improvements  already  made  on  the  Roanoke  River  have  been  of  great  benefit 
to  its  commerce  and  navigation,  and  further  improvements  are  still  needed,  espe- 
cially on  the  Upper  Roanoke  below  Halifax,  and  also  on  some  of  its  tributaries,  viz  : 
Gardner's  Creek,  one  mile  from  Jamesville,  and  the  thoroughfare  leading  from  the 
Roanoke  to  Cashie  River,  four  miles  above  Plymouth.  I  have  no  doubt  these  improve- 
ments, if  made,  will  increase  the  commerce  and  conveniences  of  navigation  in  propor- 
tion to  the  extent  of  the  improvements  made. 

Edenton  Bay  and  Harbor  and  the  mouth  of  Mackay's  Creek,  of  which  surveys 
have  been  made,  are  especially  recommended  to  your  attention.  If  the  improvements 
were  made  which  were  reported  last  year,  the  conveniences  of  trade  and  navigation  of 
said  places  would  be  greatly  facilitated,  and  it  is  believed  the  amount  of  products  of 
the  sections  contiguous  thereto  would  be  increased  in  like  proportion. 

The  obstructions  have  so  greatly  increased,  that  masters  and  agents  of  steam  and 
sail  vessels  drawing  more  than  7  feet  of  water  frequently  object  to  bringing  to  or 
taking  freight  from  these  places.  The  trade  of  Edenton  alone  is  estimated  to  be  about 
$650,000.  All  of  the  estimates  herein  made  are  believed  to  be  under  the  actual  value 
of  the  products  of  the  sections  lying  on  and  near  the  Roanoke  River  and  its  triba- 
taries. 

I  would  therefore,  respectfully  recommend  that  the  improvements  be  made  to  these 
places,  in  conformity  with  the  surveys  and  estimates  made  therefor  last  year. 
Very  respectfully,  your  obedient  servant, 

Cha8.  G.  Manning, 
Collector  District  of  Albemarlef  Edenton,  N.  C. 

M%j.  Wm.  p.  Craighill, 

United  States  Engineer  Corps, 


U    21. 

IMPROVEMENT  OF  THE  CAPE  FEAR  RIVER,  NORTH  CAROLINA. 

The  report  is  appended  hereto  of  Oapt.  0.  B.  Phillips,  Corps  of  Engi- 
neers, who  has  had  the  immediate  sapervision  of  this  interesting  and 
important  work.  He  deserves  praise  for  the  energy  and  faithfulness 
which  he  has  manifested,  and  has  my  thanks  therefor.  Eeference  to 
that  report  is  requested  for  details. 

The  sand  continues  to  accumulate  with  gratifying  rapidity  near  the 
closing  work  between  Smith's  and  Zeke's  Islands,  and  the  two  will  soon 
form  but  one.  Numerous  shoals  are  growing  horizontally  and  vertically, 
and  thus  gradually  emerging  from  the  water. 

The  indications  increase  of  the  opening  of  a  new  and  straighter  chan- 
nel through  the  Bald  Head  entrance,  or  rather  of  the  re-opening  of  the 
old  and  natural  channel,  which  deteriorated  so  rapidly  after  the  break- 
ing through  of  the  New  Inlet.  There  are  ample  grounds  for  the  belief 
that  by  steadily  carrying  forward  the  work  the  New  Inlet  will  be  entii^ely 
closed  in  a  reasonable  time,  chiefly  by  the  agency  of  the  winds  and  waves, 
and  the  river  be  practically  restored  to  its  condition  of  a  century  ago, 
when  New  Inlet  had  no  existence,  and  the  old  mouth  of  the  river  had 
one  of  the  finest  entrances  on  the  South  Atlantic  Coast  The  strong 
and  increasing  probabilities  of  attaining  such  a  result,  which  is  of 
national  importance,  induce  me  to  renew  the  recommendation  made  in 
l)revious  reports,  that  funds  be  liberally  provided  for  this  work.  It  is  a 
case  in  which  liberality  is  true  economy,  if  the  work  of  improvement  is 
to  be  carried  through. 
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As  exhibiting  my  views  as  to  further  steps  ia  the  improvement,  there 
is  appended  below  a  copy  of  the  following  communication  on  the  sub- 
ject: 

United  States  Enginrkr  Office, 

Baltimore,  Md.,  July  16,  1974. 

General  :  Up  to  tbis  time  the  operations  for  the  improvement  of  the  Cape  Fear 
have  been  ratber  preliminary  than  direct  in  tbeir  beariujr,  though  they  bave  been  of 
notable  benefit  to  the  river  and  to  the  commerce  of  Wilmington.  Their  object  has 
been  to  diminish  tbe  outflow  through  New  Inlet,  with  a  proportional  increase  in  the 
discbarge  through  the  old  montb  of  the  river. 

Tbe  closing  work  between  Smith's  and  Zeke's  Islands,  U  of  a  mile  in  length,  nec- 
essarily bad  a  great  influence  in  tbe  desired  direction,  wbich  is  observable  in  tbe  in- 
creased depth  on  the  old  bar  and  the  shoaling  on  that  of  New  Inlet,  tbe  latter  being 
now  very  mucb  given  up  by  the  larger  vessels  trading  to  that  port.  Tbe  deflector  from 
Federal  Point,  now  extending  to  a  lengtb  of  500  feet,  has  doubtless  had  a  beneficial 
effect  toward  tbe  same  end.  As  this  work  is  extended,  its  construction  becomes  slower, 
more  difficult,  and  much  more  espensive.  It  is  proposed  to  use  none  of  the  present 
appropriation  upon  it  unless  later  in  the  fiscal  year  it  may  become  expedient. 

The  dredging  behind  tbe  Horseshoe  Shoal,  just  opposite  New  Inlet,  which  has  already 
received  your  approval;  has  tbe  same  object  as  those  parts  of  the  project  already  mei^- 
tioned,  as  has  also  tbe  operation  of  tbe  suction-dredge  on  the  Bald  Head  Bar. 

Tbe  work  on  tbe  Bald  Head,  as  well  as  that  behind  the  Horseshoe  Shoal,  are  both,  to 
some  extent,  experimental ;  but  there  are  strong  reasons  for  believing  in  the  success  of 
both,  and  the  advantages  of  each,  if  successful,  are  so  obvious  and  direct  that  both 
should  be  done,  and  now  is  the  time  for  them. 

The  Bald  Head  Bar,  formerly  (before  the  opening  of  New  Inlet)  the  best,  has  now 
about  10  feet  on  it  at  low-water,  but  there  has  been  a  gain  of  more  than  a  foot  since 
work  was  commenced  there  in  tbe  latter  part  of  1870.  The  outer  bar  of  tbe  western 
channel  has  about  14  feet  on  it  at  low-water,  but  the  inner  bar,  called  tbe  ''  Rip,''  has 
only  about  10  feet.  Tbe  Bald  Head  entrance  is  much  the  most  direct,  and  is  not  obstructed 
by  a  "rip"  or  inner  bar.  It  is  the  natural  mouth  of  the  river,  and,  I  am  convinced, 
will  ultimately,  if  tbe  improvement  is  continued,  become  again  the  best  and  most  used 
entrance.  Hence,  the  suction-dredge  wiU  be  worked  there,  and  the  *'rip"  of  tbe  west- 
em  channel  will  be  disregarded,  at  least  for  the  present. 

In  ascending  tbe  river  there  is  water  enough  until  we  reach  tbe  verv  curved  and  un- 
stable channel  around  the  Horseshoe  Shoal,  through  which  not  more  than  9  feet  can  be 
carried  at  low- water. 

The  dredging  behind  the  Horseshoe  will  shorten  and  straighten  tbe  channel,  while 
at  the  same  time  diverting  a  large  volume  of  water  from  "  New  Inlet "  and  into  its  old 
and  natural  Qhannel,  which  ran  in  the  direction  of  tbe  cut  now  proposed  to  be  dredged 
to  a  depth  of  9  feet  at  low-water,  and  100  feet  in  width.  If  tbe  result  is  favorable, 
and  such  a  result  is  expected,  the  cut  should  be  deepened  at  once  to  12  feet  at  low- 
water,  as  we  may  suppose  the  suction-dredge  will  have  attained  at  the  same  time  a 
depth  of  12  feet  on  the  bar. 

vessela  drawing  about  11  feet  at  low- water,  or  15  to  16  feet  at  high-water,  would 
then  be  enabled  to  approach  to  within  twelve  mUes  of  Wilmington,  when  they  find 
another  obstruction,  called  the  ^*  Logs,"  over  which  only  about  9  ieet  at  low- water  can 
be  carried.  Thence  to  the  city  12  feet  at  low* water  can  be  tkken.  The  statement  that 
has  been  made  above  seems  to  indicate  that  the  project  for  the  improvement  of  the  Cape 
Fear  shoald  now  contemplate  the  attempt  to  get  12  feet  at  low-water  as  high  as  the 
city  of  Wilmington,  which  amounts  to  16^  or  17  at  high-water.  The  operations  of  this 
year,  and  the  available  fbnds,  should,  in  my  judgment,  be  directed  toward  tbe  attain- 
ment of  that  object.  Tbe  estimate  below  has  been  prepared,  under  my  direction,  by 
Capt.  C.  B.  Phillips,  Corps  of  Engineers,  having  this  object  in  view. 

*  Estimate  for  the  improvement  of  Cape  Fear  Biver,  North  Carolina^so  as  to  secure  {by 
dredging)  12  feet  of  water  (at  mean  loto-Ude)  to  the  city  of  Wilmington, 

"The  various  points  at  which  dredging  would  be  required  to  secure  the  above  are 
as  follows : 

^'1.  Horseshoe  Shoal,  below  New  Inlet ;  dredging  385,586  cubic  yards  at 
35  cents,  for  a  channel  200  feet  wide  at  bottom (134,955  10 

''2.  At  the  'Logs,'  or  obetmotions opposite  Campbell's  Island, about  eight 
miles  below  Wilmington ;  removing  stumps  and  logs,  5|  cuts  at  same 
rate  of  cost  as  tbe  1^  cuts  already  completed;  each  cut  30  feet  wide ;  to- 
tal proposed  width  200  feet 41,580  00 

"  3.  At  the  shoal  immediately  below  the  *  Logs;'  dredging  124,666  cubic  yards 
at  35  centS;  for  a  channel  200  feet  wide  at  bottom 43,633  10 
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'U.  At  the  shoal  imoK^iately  above  the  apper  Jetty,  aboat  three  miles  be- 
low Wilmington ;  dredging  14,963  cable  yards  at  35  cents,  for  a  channel 
200  feet  wide  at  bottom $5,237  05 

"5.  On  the  bar  at  the  month  of  the  river ;  running  snotion-dredge,  (per 
month,)  |1,000. 

"  RECAPITULATION. 

"At  Horseshoe $134,956  10 

"At 'Logs' 41,580  00 

"At  shoal  below 'Logs' 43,633  10 

"At  shoal  above  upper  jetty 5,237  05 

225,405  25 
"Add  for  contingencies,  superintendence,  &o 22,540  52 

247,945  77 
"Add  for  snctlon-dredge,  one  year 12,000  00 

"Total f 259,945  77 

"C.B.  Phillips, 
"  Captain  fif  Engineers,  U.  S,  A, 
"  Baltimorb,  July  1, 1874." 

This  is  for  a  channel  about  200  feet  wide,  and  requires  $260,000.  I  believe  that  with 
this  sum  of  money  at  once  available  the  object  indicated  above  could  be  attained.  It 
is  proposed  to  work  toward  that  object  as  far  as  the  funds  at  command  wili  permit, 
commencing  with  the  dredging  behind  the  Horseshoe  and  the  work  on  the  Bald  Head 
Bar.  arrangements  for  which  are  already  in  progress. 

Tne  long,  narrow  spit  called  Smith's  Island  wili  always  need  watching  and  protec- 
tion at  certain  exposed  points.  One  of  these  now  demands  an  immediate  expenditure  of 
some  $4,000  upon  it.  It  is  probable  that  $10,000  more  will  be  required  for  other  points 
during  the  fiscal  year.  It  is  believed  that  if  the  cut  behind  the  Horseshoe  be  opened 
and  enlarged.  New  Inlet  would  continue  to  shoal,  and  eventually  would  nearly  close. 
No  estimate  is  therefore  submitted  for  a  work  to  absolutely  shut  up  that  inlet,  for  it 
would  be,  I  think,  an  unnecessary  expenditure  of  money  to  attempt  it  now.  It  will  be 
probably  found  expedient  to  hasten  tne  closing  of  the  inlet,  and  assist  in  maintaining 
the  channel  behind  the  Horseshoe,  by  prolonging  the  deflecting  jetty  from  Federal 
Point;  but  that  will  not  be  in  this  fiscal  year. 

If  you  approve  the  views  presented  in  this  communication  the  operations  of  the  year 
will  proceed  accordingly,  special  approval  to  be  asked  when  any  new  step  of  impor- 
tance is  about  to  be  tak^n. 

The  estimate  of  Captain  Phillips  amounts  to $260,000 

The  amount  now  available  is 150,000 

Difference 110,000 

Add  for  use  of  suotion-dredffe  one  year,  and  repairs 15, 000 

Add  for  protection,  Ac,  Smith's  Island.. 15,000 

Add  for  extension  of  jetty  from  Federal  Point 60,000 

Total 200,000 

Very  respectfully,  your  obedient  servant^ 

Wm.  p.  Craighill, 
Mt^or  of  Engineere, 
Brig.  Qen.  A.  A.  Humphreys, 

Chi^  of  Engineers,  U,  S.  A. 

October  14, 1870,  General  J.  H.  Simpson  made  an  estimate  for  a  work  to  close  the  open- 
ing between  Smith's  and  Zeke's  Islands,  amounting  to  $256,000.  There  was  appropri- 
ated June  11, 1870,  $100,000 ;  March  3, 1871,  $75,000 ;  June  10,  1872,  $100,000 :  March  3, 
1873,  $100,000 ;  total,  $375,000. 

This  sam  was  expended  ap  to  Jane  30, 1874,  in  the  work  for  which 
General  Simpson  estimated,  and  within  his  estimate :  For  the  deflecting^ 
jetty,  500  feet  long  from  Federal  Point,  in  removing  obstructions  at  the 
'^Logs,'^  and  in  the  purchase,  fitting  up,  and  working  of  the  suction- 
dredge  on  the  Bald  Head  Bar. 

The  estimate  now  presented  contemplates  giving  12  feet  at  low- water, 
or  16^  feet  at  high-water,  as  high  up  the  river  as  Wilmington,  a  very 
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important  gain  of  3  feet.  This  estimate  amonnts  to  $260,000.  The  ap- 
propriation of  June  23y  1874,  having  been  $150,000,  there  remains  to  be 
still  supplied  to  complete  the  estimate  $  110,000.  Add  $15,000  for  use  of 
saction-dredge  one  year,  and  repairs;  $15,000  for  protection  of  Smith's 
Island,  &c.,  and  wekbave  the  sum  of  $140,000  as  necessary  for  the  year 
ending  Jane  30, 1876.  There  will  be  probably  required  also  for  extending 
the  jetty  from  Federal  Point,  $60,000,  a  sum  which  should  be  available 
for  year  ending  June  30, 1876. 

Financial  statement 

Balance  in  Treasury  of  United  States  July  1, 1873 $100,000  00 

Deduct  amount  expended  in  fiscal  year  l872-'73 9, 063  32 

Amount  appropriated  by  act  approved  June  23,  1874 150, 000  00 

Amount  expended  during  the  fiscal  year  ending  June  30, 1874 92, 9S5  13 

Amount  available  July  f,  1874 147,951  55 

Amount  required  for  the  fiscal  year  ending  June  30, 1876 200, 000  00 


Report  of  Capt  Charles  B.  Phillips,  Corps  of  Engineers, 

UxrrED  States  Enginerr  Office, 

Baltimore^  Md,,  July  1, 1874. 

Major:  I  have  the  honor  to  submit  herewith  the  following  report  of  operations  at 
the  improvement  of  the  Gape  Fear  fiiver.  North  Carolina,  during  the  fiscal  year  end- 
ing June  30,  1874 : 

At  the  date  of  the  last  annual  report  the  work  for  the  closing  of  the  space  between 
Smith's  and  Zeke's  Islands  had  just  been  completed,  and  preparations  had  been  made 
for  commencing  a  Jetty  or  deflector  at  Federal  Point,  on  the  northern  shore  of  New 
Inlet. 

A  board  of  engineers,  in  its  final  report  to  the  Chief  of  Engineers  in  December,  1872, 
recommended  the  construction  of  such  a  deflector,  and  in  July  following  the  work  was 
commenced,  in  accordance  with  a  project  submitted  to  and  approved  by  the  Chief  of 
Engineers,  for  the  expenditure  of  the  appropriation  then  available. 

The  deflector  consists  of  crib- work,  loaded  with  stone,  and  built  to  high-water  mark, 
and  takes  from  Federal  Point  a  general  southwest  direction,  following  the  line  of  shoals. 

The  construction  of  this  deflector  to  a  length  of  500  feet  has  constituted  the  princi- 
pal feature  of  the  work  on  this  river  during  the  year. 

A  small  force  (averaging  about  four  men)  has  been  kept  at  the  old  work  between 
Smith's  and  Zeke's  Islands,  engaged  in  making  such  slight  repairs  as  were  necessary ; 
in  filling  and  sinking  sand-bags  about  the  work ;  and  in  attending  generally  to  the 
protection  of  the  old  work  and  the  adjacent  beaches. 

In  December  last,  it  having  been  determined  not  to  proceed  at  present  with  the  new 
work  at  Federal  Point  to  a  greater  length  than  500  feet,  a  project  for  the  expenditure  of 
the  balance  available  was  submitted  to  the  Chief  of  Engineers,  and  by  him  approved. 
(December  10.) 

The  project  contemplated  an  attempt  to  remove  the  so-called  *^  logs  "  or  obstructions 
immediately  above  Campbell's  Island,  and  about  eight  miles  below  the  city  of  Wil- 
mington. 

Accordingly,  a  large  dredge-boat,  fitted  up  with  grappling-apparatus,  was  chartered 
and,  proceeding  to  the  Cape  Fear  River,  was  engaged  continuously  at  this  point,  from 
the  2d  of  Marcn  until  the  11th  of  April,  in  removing  stamps  and  logs  from  the  channel 
of  the  river. 

The  above-mentioned  project  also  contemplated  the  purchase  of  a  steamer  and  her 
BuhscN^nent  fitting-ont  as  a  suction-dredge,  to  work  at  the  mouth  of  the  Cape  Fear 
principally  at  the  Eastern  or  Bald  Head  Channel. 

A  propeller  of  145  tons  burden  was  purchased  and  fitted  out,  as  stated  above,  her 
dredging-apparatus  consisting  of  a  9-inch  centrifugal  pump,  driven  by  a  double  oscil- 
lating engine  (10-inch  cylinders)  with  connecting  suction  and  discharge  pipes,  and 
with  sand-bins  on  the  main-dec^,  of  an  aggregate  capacity  of  about  40  cubic  yiurds. 

The  saction-dredge  commenced  work  on  the  6th  of  April,  at  the  Bald  Head  channel ; 
but  before  a  fair  trial  could  be  made  of  her  capabilities  she  was  called  ofi^,  April  11,  to 
assist  in  towing  the  grapple-dredge  north.  She  has  not  yet  returned  to  her  own  sta- 
tion. 

Daring  the  month  of  Hay  a  survey  was  made  of  the  shores  adjacent  to  New  Inlet, 
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inclnding  the  new  work  atlFederal  Point,  the  old  work  between  Smith's  and  Zeke's  IbI- 
arids,  and  the  beach  and  shoals  which  have  accumulated  in  the  vicinity. 

A  coast  survey  party  has  also  made  a  re-survey  of  the  Bald  Head  Channel  at 
the  old  mouth  of  the  river,  being  engaged  during  portions  of  the  months  of  May  and 
June  last. 

RESULTS  OF  THE  WORK  FOR  THE  YEAR. 

The  sand  has  continned  to  accumulate  in  immense  quantities  about  the  old  work 
between  the  islands,  particularly  on  the  outer  side. 

The  shoals  have  increased,  in  number  and  dimensions,  and  the  two  islands  are  nearly 
nnited  by  an  almost  continuous  beach,  which  is  constantly  becoming  higher  and 
stronger. 

As  the  new  work  has  progressed  out  from  Federal  Point,  the  beach  has  followed 
nntil  at  present  nearly  one-third  of  the  length  of  the  crib- work  is  covered  to  high- 
water  mark  with  sand. 

This  structure,  independently  of  its  service  as  a  deflector  of  the  currents,  has  done 
much  to  strengthen  Federal  Point. 

As  the  work  progressed,  a  very  serious  deepening  occurred  in  advance  of  the  line  of 
cribs,  the  outer  crib  having  been  sunk  in  20  feet  of  water,  where  originally  there  was 
but  6  feet. 

This  deepening,  and  consequent  settling  of  the  cribs,  was  checked  to  a  certain  ex- 
tent, by  the  liberal  use  of  brush  loaded  with  stone,  and  sunk  at  the  end  and  sides  of 
the  work. 

The  effects  of  the  new  work  at  points  more  remote  from  it  are,  to  a  certain  extent, 
matters  of  conjecture.  Changes  have  taken  place  at  points  below  New  Inlet,  which 
perhaps  may  mainly  be  attributed  to  the  influence  of  the  Federal  Point  work. 

Among  the  sechanges  may  be  cited  the  remarkable  growth  of  Zeke's  Island  during 
the  year. 

Before  the  new  work  was  commenced,  the  island  was  growing  rapidly  in  an  easterly 
direction,  and  as  stated  in  the  last  annual  report  was  evidently  restoring  the  old  shore- 
line which  it  possessed  before  the  breaks  between  the  islands ;  this  is  due,  no  doabt,  to 
the  influence  of  the  old  work.  During  the  past  year,  however,  not  only  has  this  growth 
continued,  but  the  island  has  also  grown  toward  the  north  and  west,  thus  contracting 
somewhat  the  width  of  New  Inlet.  It  had  been  anticipated  that  the  work  might  cause 
an  abrasion  at  this  point,  rather  than  have  the  contrary  effect. 

A  considerable  abrasion  has  occurred  at  the  most  northeasterly  point  of  Smith's 
Island,  which  it  seems  probable  is  due  to  the  change  of  currents  in  New  Inlet  caused 
by  the  new  work.  Some  apprehension  has  been  felt  that  this  abrasion  might  ulti- 
mately turn  the  east-em  flank  of  the  old  work  nuless  checked.  This  abrasion,  however, 
has  not  increa^Kid  perceptibly  during  the  past  six  months. 

There  has  also  been  a  threatened  break  at  what  has  been  known  as  the  ''weak  point" 
of  the  narrow  beach  of  Smith's  Island. 

This  point  is  situated  about  three  miles  below  (to  the  south  of)  the  old  work.  The 
breach  here  has  always  been  very  narrow  and  low,  and  steps  have  been  taken  within 
the  past  two  years  to  strengthen  it  by  means  of  catch-sand  fences  and  planting  of 
grass.  Quite  a  volume  of  water  at  present  passes  in  and  out  at  this  point  at  and  near 
high-tide.  The  distance  of  this  point  from  the  channel  of  the  river,  (over  three  miles,) 
and  the  nature  of  the  flats  on  the  inner  side,  being  extremely  shoal  and  full  of  oyster- 
rocks,  would  seem  to  show  that  no  serious  break  need  be  apprehended  here.  At  the 
same  time,  the  threatened  break  indicates  a  greater  pressure  of  water  below  New 
Inlet,  as  if  more  passed  by  Zeke's  Island,  and  through  the  old  month,  than  before  the 
work  commenced. 

At  the  old  mouth  of  the  river,  we  should  expect,  and  hope,  to  find  the  greatest  mani- 
festation of  the  increased  flow  of  water. 

The  gradual  wearing  away  of  Bald  Head  Point  (on  the  southwest  side)  has  con- 
tinued, out  not  so  as  to  increase  the  distance  across  to  Fort  CasweU,  on  the  western 
side  of  the  river.    The  beach  at  Fort  Caswell  remains  unchanged. 

The  soundings  recently  taken  in  the  Bald  Head  or  Eastern  channel  indicate  a  con- 
stant improvement  in  depth,  and  a  gradual  movement  toward  the  east,  the  position 
once  occupied  by  the  old  main  channel.  Ten  feet  of  water  can  now  be  carried  entirely 
through.  It  is  now  occasionally  used  by  vessels,  and  there  is  a  prospect  that  it  wiU. 
shortly  be  used  entirely  by  shipping,  as  the  better  of  the  two  channels. 

At  tne  western  or  Oak  Island  entrance  no  special  change  has  taken  place.  On  the 
"bulk-head  "  or  inner  bar  a  depth  of  9  feet  has  been  constantly  maintained. 

The  result  of  the  dredging  or  grappling  at  the  "  logs"  was  one  cut,  30  feet  in  width, 
entirely  across  the  obstructions,  (a  trifle  over  a  half  a  mile  in  length,)  and  a  second 
cut  about  one-third  that  distance  over  the  worst  portion. 

This  locality  proves  to  have  been,  at  some  day,  the  site  of  an  old  cypress  swamp. 
Many  stumps  were  removed,  having  a  diameter  of  from  4  to  8  feet,  together  with 
thousands  of  smaller  stumps,  cypress  knees,  and  roots. 

These  stumps  were  projecting  above  the  bed  of  the  river,  were  mostly  perfectly  sound, 
and  showed  signs  of  having  been  frequently  hit  by  the  keels  of  passing  vessels. 
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PROBABLE  OPERATIONS  DURING  THE  COMING  FISCAL  YEAR. 

In  accordance  with  instmctionB  received  from  von,  I  have  prepared  an  estimate  for 
the  improvement  of  this  river,  so  as  to  secure  (by  dredging)  a  depth  of  12  feet  of 
water  at  low-tide,  entirely  to  the  city  of  Wilminp^ton. 

With  the  amount  of  funds  available,  it  is  evident  that  but  a  portion  of  this  whole 
plan  of  improvement  can  be  undertaken  during  the  coming  fiscal  year. 

The  two  points  which  seem  to  most  imperatively  demand  attention  are,  Ist,  the  bar 
at  the  mouth  of  the  river ;  and,  2d,  the  "  Horseshoe  ShoaP'  below  the  New  Inlet. 

For  operations  at  the  mouth  of  the  river,  the  suction-dredge  (referred  to  before  in 
this  report)  is  already  provided.  The  cost  of  running  this  dredge  will  be  about  $1,000 
per  month,  or  $12,000  for  the  entire  year,  if  run  continuously. 

For  cutting  a  channel  behind  the  '' Horseshoe,^'  200  feet  in  width  at  bottom,  the 
estimated  cost  is,  for  9  feet  in  deoth  at  low  water,  $71,976.  If  reduced  to  150  feet  in 
width,  the  estimated  cost  is  $53,982. 

The  undertaking  of  the  latter  project,  together  with  the  work  on  the  bar,  would 
seem,  therefore,  to  be  all  that  can  oe  safely  counted  upon  during  the  coming  year. 

With  these  estimates,  the  present  amount  available  affords  a  margin  of  $34,000  for 
contingencies. 

Having  in  view  the  possible  necessity  of  repairs  upon  the  work  already  completed, 
and  the  very  probable  necessity  of  steps  for  the  streuffthening  of  the  weak  points  of  the 
beach  of  Smith's  Island,  the  above  margin,  though  liberal,  seems  none  too  large  under 
the  circumstances. 

Should  no  such  contingencies  arise,  the  balance  can  be  profitably  expended,  either 
in  giving  the  proposed  cut  behind  the  "  Horseshoe  "  an  increased  width  or  depth,  or 
in  dredging  above  New  Inlet  at  one  or  more  of  the  points  indicated  in  the  accompany- 
ing estimate. 

I  am,  mi^or,  very  respectfully,  your  obedient  servant, 

Chas.  B.  Phillips, 
Captain  of  Bngineenf  U.  S,  A. 

Major  W.  P.  Craigiull, 

Corps  of  Engineers^  U,  S,  A. 
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Sid$  opened  at  12. 5 1>.  m.  Novmber  20, 187$. 


Bidden'  namea  and  reel' 
dencea. 


Where  lighten  irill  be 
loaded. 


III 


Time. 


CommMioe— 


Complete- 


CD.  I>.  Barber, Wilmiiiff-  \ 

\    toD.N.C 5 

TiUery    &    Wilkineoo. 

Wilmington,  N.  C. 
Jamea  H.  Sprlnger.Wil- 

mlogton,  N.  C7* 
Stranaz  Sc  Rice,  Wilmiae- 

ton.K.C. 


Opposite  Wilmington  i 
Wilmlngton,>N.C 

do 

do 


9i3,680 
111,840 
233,660 

73,990 

383,680 


$13  00) 
16  00  5 
13  45 

16  00 

13  00 


Deo.    1,1873 
Dea    1,1873 

Deo.  15)1873 

Deo.  1,1673 


Jan.  15,1674 

Jan.  15,1874 

Jan.  15,1874 

Deo.  31,1873 


*  Will  famish  383,680  feet,  board  measaro,  if  time  is  extended  to  Maroh,  1874. 
Gontraot :  TiUery  dt  WUkinson,  at  $13.45  per  M. 


Statement  far  fiacal  year  ending  June  30, 1874. 

nCPOBTS. 


Month. 


InAmerioan 

vessels. 


In    foreign 
Tossels. 


^ggng/kte. 


Jaly 

Angnst 

September  . 

October 

KoTember  . 
December.. 


1873. 


1874. 


Jannary... 

Pebmary . 
March.... 

April 

Miy 

Jone 


Total. 


10,864 
10.010 


80,913 


$8,818 

146 

9,379 

18,957 
5,339 
4,723 


4,533 
17.766 

1,905 

9,471 
15,880 

1,188 
83,086 


107,585 


$3,819 

146 

9,379 

18,957 
5,339 
4,761 


33,163 

11, 915 
9,471 

15,880 
1,188 

8S;086 


138,437 


1873. 


Jnly 

Angnst 

September., 
October  .... 
Norember. . 
December.. 


1874. 


Jannary... 
Febmary*. 
March..... 

April 

M»y 

Juie 


855.498 


106,473 

881,170 

387,64.3 

16,917 

199,801 

816.118 

3,800 

813,396 

817,136 

11,064 

878,855 

883,919 

18,913 

404,372 

483,885 

19,856 

449,381 

460,177 

10,790 

485,348 

436,1.38 

9,369 

843,558 

858,981 

4,804 

165,993 

170,797 

5,599 

103,498 

109,097 

0.158 

807,397 

818,550 

41,600 

319,549 

361,839 

3,885,583 


3,541,010 


Total  exports $3,541,010 

Total  imports 188,437 


CuROM-HovBB,  WUmtngton,  N.  a,  J^Oy  80, 1874. 


3,669,447 
B.  W.  Chadwick. 
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Statement  of  the  commerce  and  navigation  fm'  theJUcal  year  ending  June  30, 1874. 


Month. 


1873. 


July 

Angnut 

September . 

October 

November  . 
December.. 


1874. 


January . . 
Febrnary  . 
March  .... 

April 

May 

Jnne 


American  vea- 
sels  from  for- 
eign  porta. 


Na        Tons. 


549 


170 
149 


183 


1, 444       S99 


Coastwise  ves- 
sels. 


No.        Tons. 


11,675 
16,103 
14, 710 
17,304 
8,893 
9,841 


13,368 
10,243 
15,329 
14,105 
12,843 
13,548 


155,861 


Foroiffn  ves- 


No.      Tons. 


202 


803 
2,543 
4,692 
6,347 
6,640 
11,425 


5.591 
2,372 
3.809 
3,917 
3,875 
4,269 


56,283 


Aggregate. 


Xo.      Tons. 


49 
30 
45 
44 
.35 
39 


510 


12, 478 
18.646 
19.402 
23,651 
15,533 
21, 815 


18,133 
12.843 
19,808 
18,171 
16,718 
17,000 


213,588 


CLBABANCBS. 


1873. 


July 

Auoncist . . . . 
September . 

October 

November  . 
December. . 


1874. 


January  .. 
February  . 
March  — 

April 

May 

June 


Total  en  tries 

Total  clearances . 


1,434 

860 

197 

769 

1,423 

1,075 


1,309 
647 
406 
587 
435 
915 


10, 147 


801 


8,854 
11,018 
12,976 
12,693 
7,977 
9,739 


10,450 
8,957 
11,484 
10,586 
11, 491 
9,156 


125,311 


2,841 
2,774 
4.863 
5,749 
7,036 
7,406 


10,254 
5,530 
3,850 
4,366 
5,049 
5,658 


231  64,766 


479 


510 
479 


989 


13.129 
14.652 
17,436 
19,211 
16,436 
18,810 


38;  103 
15.194 
15,740 
15.479 
16.975 
15,799 


900,234 

213.588 
200.994 


413.818 


CUSTOK-HOUBB,  WUmvngtont  N.  O.,  JxOy  90, 1874. 


B.  TT.  Chadwick. 


Ckmmerce  and  navigation  of  Wilmington,  N,  C,  in  1872,  and  compared  with  precious  years. 

Wilmington,  N.  C,  October  13, 1873. 

Sir  :  In  compliance  with  a  resolatlon  of  the  Chamber  of  Commerce  of  Aagnst  29, 
1873, 1  have  the  honor  to  transmit  herewith  a  report  upon  the  commerce  and  naviga- 
tion of  the  port  of  Wilmington,  N.  C,  for  the  year  ending  3l8t  December,  1872,  and 
compared  with  previons  years. 

I  have  farther  the  honor  to  append  hereto  three  tables,  containing  commercial  sta- 
tistics, carefully  prepared  from  tne  most  reliable  sources  at  my  command. 

Attention  is  invited  to  Statement  A,  exhibiting  the  foreign  exports,  imports,  and 
navigation  for  six  years  ending  3l8t  December,  1872. 

This  statement,  being  obtained  from  an  official  source,  may  be  relied  on  as  correct, 
from  which  it  will  be  seen  that  the  exports  have  increased  from  $735,150  in  1867  to 
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12,814,714  in  1872.  A  corresponding  increase  is  perceptible  in  the  imports,  from  $7,861 
in  1867  to  $300,037  in  1872.  The  navigation  of  the  port  shows  a  similar  increase,  as 
from  57  clearances  of  17 ,3:^9  tons  in  1867  it  has  risen  to  158  clearances  of  41,528  tons  in 
1872. 

Not  the  least  gratifying  feature  in  this  flattering  improvement  in  the  commerce  and 
navigation  of  the  port  is  the  fact  that  nearly  the  whole  of  it  is  due  to  the  operations 
of  the  last  two  years. 

Of  the  general  arrivals  in  1872,  as  appear  in  Statement  B,  fifteen  were  from  Navassa 
Islands,  whose  aggregate  of  cargo  amounted  to  3,977  tons  of  Navassa  phosphate,  of  the 
value  of  $64,000.  The  Navassa  Islands,  althoagh  foreign,  are  nuder  the  flag  of  the 
United  States,  consequently  the  vessels  and  cargoes  are  regarded  as  coastwise,  and  do 
not  appear  in  this  statement. 

Attention  is  also  invited  to  Statement  B,  exhibiting  the  navigation  of  the  port,  both 
foreign  and  coastwise,  for  the  year  1872,  and  compared  with  nine  months  of  187«3  end- 
ing wth  September,  1873,  (excluding,  however,  vessels  trading  to  ports  within  the  State 
of  North  Carolina.) 

This  statement,  being  compiled  from  the  books  of  the  commissioners  of  navigation, 
may  be  regarded  as  official  and  reliable,  from  which  it  will  appear  that  for  the  year 
1872  there  were  533  arrivals  of  all  classes  and  nationalities,  (of  which  62  were  barks  and 
74  brigs,)  with  an  aggregate  tonnage  of  198,358 ;  and  for  the  nine  months  of  1873 
there  were  457  arrivals,  of  169,542  tonnage,  (of  which  78  were  barks  and  68  brigs ;)  thus 
showing  a  naonthly  increase  of  6  vessels  and  2,308  tons  thus  far  in  this  year  ov.er  1872. 

1  found  mnch  difficulty  in  procuring  a  correct  list  of  the  vessels  arriving  from  ports 
within  the  State  or  of  their  cargoes,  no  registry  of  them  being  made  by  the  harbor- 
master or  any  one  else.  Upon  close  investigation,  however,  I  found  seven  mercantile 
firms  who  kept  records  of  such  consignments  to  themselves,  (how  many  more  there 
were  I  was  unable  to  find  out  with  any  degree  of  accuracy,  but  1  have  reason  to  believe 
there  were  many.)  From  these  I  ascertained  that  they,  in  the  aggregate,  had  received 
consignments  during  the  year  1872  of  487  vessels,  of  about  the  average  capacity  of  200 
barreb,  their  cargoes  consisting  of  256,177  bushels  com,  3,956  bushels  pease  and  other 
small  grain,  32,243  bushels  peanuts,  57,500  pounds  bacon,  20  barrels  and  8  kegs  lard, 
3,026  barrels  mullets,  58,000  barrels  naval  stores,  1,012  bales  cotton,  782  bales  of  North 
Carolina  hay. 

I  have  further  the  honor  to  append  hereto  Statement  0,  containing  a  compilation  of 
the  annual  report  of  the  Daily  Journal  of  the  principal  articles  of  produce  exported 
from  the  port  of  Wilmington,  N.  C,  for  the  year  ending  31st  December,  1872,  and  com- 
pared witn  those  of  the  years  1869,  1870,  and  1871. 

This  statement  exhibits  a  value  of  exports  for  the  year  1872  of  $9,899,491 :  the  values, 
not  being  recorded,  were  carefully  obtained  from  reliable  sources,  and  while  they  may 
not  be  literally  correct  in  every  instance,  I  think  they  are  reliable  as  far  as  they  go, 
and  within  the  actual  value. 

It  will  be  observed  that  this  statement  purports  to  exhibit  only  the  principal  arti- 
cles of  prodace  exported,  and  as  such  furnishes  an  approximate  only,  and  by  no  means 
a  full  exhibit  of  the  exports.  In  confirmation  of.this  fact  it  was  found,  upon  investiga- 
tion and  an  examination  of  the  freight-lists  of  the  steamers  only,  (the  treight-lists  of 
sailing-vessels  and  railroads  not  being  accessible  or  available,)  that  there  had  been 
shipped  of  articles  which  do  not  appear  in  this  report  5,500  tons  of  Navassa  guano, 
which  was  manufactured  here,  all  of  the  productions  of  the  Cane  Fiber -Company,  654 
barrels  of  pulverized  soapstone,  a  quantity  of  flaxseed,  9,440  beef-hides,  570  sides  of 
tanned  leather,  a  large  quantity  of  furs,  beeswax,  tallow,  wines,  fruits,  and  vegetables, 
with  various  other  articles,  enough  to  justify  me  in  the  estimate  of  not  less  than 
$2,000,000  as  the  value  of  unrecorded  exports.  I  therefore  feel  no  hesitation  in  re- 
porting $12,000,000  in  round  numbers  as  the  actual  amount  of  exports  for  the  year 
1872. 

It  will  be  observed  from  an  examination  of  these  various  statements  that  the  increase 
in  the  navigation  and  commerce  of  the  port  has  progressed  steadily,  as  it  has  rapidly 
done  in  the  past  three  years,  and  it  is  gratifying  to  know  that  this  progress  is  well  sus- 
tained by  corresponding  improvements  of  the  city  and  in  productions  of  the  country 
tributary  to  Wilmington,  which  give  it  the  complexion  of  robust  health,  rather  than 
the  hectic  flush  arising  from  the  exigencies  of  trade  and  politics. 

A  reason  no  doubt  will  be  asked  by  some  for  this  vigorous  growth  of  the  city,  its 
commerce  and  navigation — where  the  starting  x>oint.  What  the  impulse  and  the  stim- 
ulant. 

I  know  of  no  other  or  better  reason  than  what  may  be  found  in  the  operations  of  the 
GoTerument  at  the  mouth  of  the  river  for  the  improvement  of  the  harbor. 

This  work,  commenced  in  the  summer  of  1870,  has  progressed  steadily  and  success- 
fully, but  very  slowly,  and,  thus  far,  may  be  said  to  be  only  preparatory,  owing  to  the 
meager  annual  appropriations  allowed  by  Congress,  no  amount  having  as  yet  been 
8pprox)riated  sufficient  to  justify  an  attempt  to  deepen  the  channel  by  means  of 
dredging,  which  must  be  adopted  before  valuable  results  can  reasonably  be  expected; 
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and  yet  the  navigation  ha«  somewhat  improved  under  this  preparatory  work,  for  it 
is  bnt  yesterday  we  hear  of  the  British  bark  Nancy  firyson  drawing  17  feet  of 
water,  being  piloted  to  sea  over  the  bar  (not  rip)  on  her  voyage  to  London.  The  bare 
anticipation  of  the  reality  of  improving  the  harbor  has  had  an  electrifying  effect  that 
nothing  else  conld  produce.  It  has  stimulated  commerce,  trade,  aud  city  improve- 
ments ;  it  gives  value  to  real  estate :  it  has  infused  new  life  aud  energy  into  our 
railroads,  which  are  being  rapidly  pusned  through  the  mountains  with  numerous  tribu- 
tary branches,  while  the  suojects  of  opening  canals,  clearing  out  rivers  and  creeks, 
opening  and  improving  roads  and  highways,  and  other  improvements,  are  oonstaoily 
being  agitated  in  our  midst ;  and  this  is  but  the  beginning  of  the  end. 

It  therefore  becomes  a  duty  of  self-preservatiou  to  our  citieens,  and  parricularly  to 
the  merchants,  to  see  to  it  that  this  work  is  not  permitted  to  flag  or  falter  until  the 
last  nail  is  driven  home  in  the  perfect  completion  of  our  river  and  harbor  improve- 
ments. 

fiespectfuUy,  your  obedient  servant, 

H.  Nun. 

Note, — November  1. — For  the  month  of  October,  just  closed,  there  were  61  arrivals  of 
shipping,  aggregating  125,432  tons,  of  which  18  were  steamships,  15  barlu,  13  brigs, 
and  18  schooners,  (15  barks  and  12  brigs  being  foreign,)  and  compared  with  the  month 
of  October,  1872,  shows  a  gain  of  19  arrivals  and  7,682  tons  in  this  month  over  the 
corresponding  month  of  last  year. 

H.N. 
Col.  Wm.  L.  Dk  Rossst, 

Pre9%dent  of  the  Chamber  uf  Commerce, 

A.—FOREIGK  COMMERCE. 

Statement  ofvee^eU  entered  and  deared,  showing  cloMy  nationality ^  and  tonnage. 
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For  the  year  1873,  943  vessels  cleared  with  cargoes  Talned  at  |3| 453)845. 
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L— Statement  of  the  foreign  eacporU  and  imports  at  the  port  of  Wilmington  ^  if.  Ctfrom  fhe 
iBt  of  January,  1867|  to  the  'diet  of  December,  1872,  embracing  a  period  of  six  years,  com-- 
piled  from  an  official  souroe, 

ExFOBTB— Taluation. 
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For  1873,  •3,453,845c 
IXFOBTB— Yalaatfton. 


1867 •7,861 

liWd 48,904 

1869 30.381 

1870 197.488 


1871 •182,309 

1873 300,037 

Total 766,980 


B.^Arrivals  of  shipping  at  the  port  of  Wilmington,  N,  C,  from  the  Ist  of  January  to  the  31st 
of  December,  1872,  compile  from  the  books  of  the  Cornmissioners  of  Navigation,  as  regis- 
tered by  B,  O,  Bates,  esq.,  harbor-master,  and  which  may  be  regarded  as  official.  Also  for 
the  first  nine  months  of  1^3,  from  the  1st  of  January  to  the  '30th  of  September,  1873. 

American : 
Steamers,  181 ;  barkB,  12;  brigs,  35 ;  schooners,  206;  total,  434 ;  tonnage,  168,767. 

Foreign : 
Barks,  50;  brigs,  39;  schooners,  10;  total,  99;  tonnage,  29,591. 

Grand  totals : 
Steamers,  181 ;  barks,  62;  brigs,  74 ;  schooners,  216 ;  total,  533 ;  tonnage,  198,358. 

From  ^he  1st  of  January  to  the  20th  of  September,  1873. 

American : 
Steamers,  138 ;  barks,  1 ;  brigs,  23 ;  schooners,  170 ;  total,  332 ;  tonnagC)  133,647. 

Foreign  : 
Barks,  77;  brigs,  45;  schooners,  3;  total,  125;  tonni^ge,  35,848. 

Grand  totals: 
Steamers,  138;  barks,  78;  brigs,  68;  schooners,  173;  total,  457;  tonnage,  169,542. 
Monthly  increase  of  arrivals  this  year  over  the  last,  six,  and  tonnage  2,308. 
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The  general  Davigation  and  commerce  of  the  port,  both  fon^ign  and  coastwisei  for 
the  years  1878  and  1873,  was : 

Na  vessels.        Tons.        Value  exports. 

For  the  year  1872 W3         198,558      ^11,899,491 

For  the  year  1873 646         237,302        12,500,000 

Showing  an  increase  in  one  year  of 113  38,744  600,509 

Foreign  business  for  1867 ~57  17,349  735, 150 

Foreign  business  for  1873 242  70,000         3,453,815 

Foreign  increase 185  52,651         2,617,695 

Foreign  importe,  1867 ~. |7,861 

Foreign  imports,  1872 , 300,037 

Increase : 292,176 

President  Bridgers  in  his  annual  report  to  the  stockholders  for  the  year  ending  30th 
September,  1873,  exhibits  an  increased  business  on  the  Wilmington,  Columbia  and 
Augusta  Railroad  in  two  years  of  $317,126  i|\/^, which  is  a  little  more  than  76  per  cent.; 
while  the  Wilmington  and  Weldon  Railroad,  in  the  same  time,  has  increased  |159,994 
^fff  which  is  more  than  27  per  cent 

Tlie  tonnage  of  the  former  has  increased  more  than  100  i>er  cent.,  and  the  latter  over 
50  per  cent. 

Increased  number  of  barrels  spirits  turpentine,  16,033,  or  91jl  per  cent. 

Increased  number  of  barrels  rosin,  81,643,  or91i  per  cent. 

Increased  nnmber  of  bales  of  cotton,  2,250,  or  31  per  cent. 

Increased  car-loads  of  lumber  and  timber,  469,  or  15&Ar  V^^  cent. 

Increased  general  merchandise,  car-loads,  (32,484,230  pounds,)  203,  or  85^  per  cent., 
showing  an  aggregate  gain  of  4,215  car-loads  to  the  local  business  of  Wilmington  in 
two  years. 


U  22. 
EXAMINATION  AND  SURVEY  OF  ELK  RIVER,  BELOW  ELKTON,  MARYLAND. 

United  States  Bnginebr  Office, 

Baltimorej  Md,,  November  18, 1873. 
Oeneral:  An  examination  or  survey  of  Elk  Eiver,  Maryland,  below 
Elkton,  was  directed  in  the  appropriation  bill  of  March  3,  1873.  The 
survey  has  lately  been  made  by  Mr.  William  Popp,  by  my  direction. 
A  copy  of  his  report  is  inclosed  herewith,  dated  November  15, 1873; 
accompanied  by  a  map.  The  following  extract  is  also  given  from  a  pre- 
vious report  by  Mr.  Popp,  dated  January  18,  1873,  which  was  made 
after  a  rapid  reconnoissance  of  the  locality  in  that  month : 

The  town  of  Elkton  is  situated  in  Cecil  County.  Maryland,  about  one  mile  above  the 
conflaenoe  of  Biff  and  Little  Elk  Creeks,  which  form  Elk  River.  Tide-water  in  Big 
Elk  Creek  extends  to  Elkton. 

Above  Elkton  the  creek  furnishes  fine  water-power,  its  fall  per  mile  being  very  con- 
siderable. Little  Elk  Creek  also  furnishes  good  water-power  at  a  distance  of  about 
two  ndlee  above  the  confluence.  Manufacturing  establishments  of  various  kinds,  an 
rolliiig-mills,  paper-mills,  dtc.,  have  been  erected  on  the  banks  of  both  creeks,  and  in 
dose  proximity  to  Elkton. 

The  town  of  Elkton  itself  contains  several  industrial  establishments  within  its 
limits,  and  has  the  appearance  of  being  a  thriving  and  energetic  place.  For  further 
reference  in  regard  to  population,  imports,  and  exports  of  the  place,  its  history,  &c.,  I 
beg  leave  to  rdfer  to  the  appendix  to  this  report,  which  was  drawn  up  by  a  committee 
appointed  by  the  town  commissioners. 

The  PhUadelphia.  WUmington  and  Baltimore  Railroad,  which  passes  through  Elkton, 
afToids  at  present  almost  the  only  means  of  transportation,  because  Big  Elk  Creek,  as 
well  as  Little  Elk  Creek,  is  obstructed  by  bars.  Heavy  and  bulky  articles  suffer  very 
much  from  the  high  rates  of  fi^ight  which  are  of  necessity  charged  by  railroads.  For 
this  reason,  and  to  remove  the  only  obstacle  which  so  xar  has  impeded  the  farther 
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growth  of  Elkton  as  a  mannfacturiDg  place  and  the  development  of  the  surronndin^ 
country,  it  is  desired  by  the  citizens  of  Elkton  to  obtain  a  cheaper  commnnication  in 

the  shape  of  a  navigable  channel  connecting  Elkton  with  the  Cheeapeake  Bay. 

•  *«»•««• 

APPENDIX. 

Town  of  Elkton,  situated  at  the  head  of  navigation  of  Elk  River,  was  called  Head 
of  Elk  during  Revolutionary  War;  just  below  the  town,  about  one  mile  from  the 
bridge,  the  river  receives  on  the  northwest  side  the  Little  Elk  Creek,  upon  which  JElk 
Lauding  is  situated,  abont  two  hundred  yards  from  its  mouth. 

In  the  revolutionary  period,  and  for  some  time  afterward,  the  navigation  some  distance 
above  where  the  bridge  now  stands,  on  the  main  branch,  was  good  and  safe,  so  that 
vessels  drawing  some  8  or  9  feet  water  came  up  and  discharged  their  lading  at  an  old 
warehouse,  which  was  burned  some  forty  years  ago. 

The  obstmction  to  the  navigation  was  mainly  caused  by  the  sinking  of  two  barges 
loaded  with  granite,  leaving  a  large  accumulation  of  sand  and  gravel,  thus  forming  a 
bar.  Later,  about  the  period  of  the  war  of  1812,  the  navigation  to  Elk  Lauding  was 
principally  depended  upon  ;  a  turnpike  for  transportation  ten  miles  to  the  water  of  the 
Delaware  at  Christiana,  Del.,  having  been  constructed  by  a  company  incorporated  for 
that  purpose. 

Over  this  route  a  large  trade  was  carried  on,  and  large  amounts  of  property',  consist- 
ing of  flour,  whisky,  grain,  lumber,  and  goods  of  all  descriptions,  were  carried  in 
wagons,  to  be  forwarded  to  and  from  the  cities  and  States  south ;  also  from  the  Sna- 
quehanna  country 

The  improvement  desired  is  to  open  the  navigation  between  the  bridge  and  French- 
town,  so  that  the  advantages  of  cheap  transportation,  such  as  water-carriage  affords, 
may  be  secured  in  vessels  drawing  from  7  to  9  feet  of  water  to  the  bridge  and  Elk 
Landing. 

An  appropriation  from  the  Government  for  this  object  wonld  greatly  benefit  the 
town  of  Elkton  as  well  as  the  purrouudin^  country,  extending  over  into  the  State  of 
Delaware.  The  town  itself  has  a  population  of  some  2,000  inhabitants,  there  being  a 
number  of  stores,  where,  including  lumber  and  manufactured  articles,  some  ^500,000 
worth  of  goods  are  probably  sold  annually.  In  the  town  is  a  large  flour  and  saw  mill, 
using  water-power,  also  a  large  match-stick  factory,  using  steam ;  also  an  iron- 
foundery. 

On  Big  Elk,  the  principal  tributary  of  Elk  River,  there  are  a  number  of  mills  and 
factories,  near  the  town,  as  follows:  Brickett's  flour-mills,  West  Amwell  Iron-Works, 
Beldwin's  two  cotton -factories,  Brewster's  woolen-mill,  Park  &  Smith's  iron -works, 
not  in  operation ;  Scott's  grist  and  saw  mills ;  Simmons's  woolen-mills. 

On  Little  Elk,  also  near  the  town,  Stile's  flonring-mills,  MackelVs  grist  and  saw  mills, 
Public  Ledger's  paper-mills ;  at  Marley,  Peterman  &  Harlan's  paper-mills,  Coster's 
paper-mills.  Providence  and  Rook  paper-mills. 

All  these  manufacturing  interests,  also  a  large  agricultural  district,  including  also 
the  iron-ore  deposits  some  three  or  four  miles  east  of  Elkton,  at  Iron  and  Chestnnt 
Hills,  and  other  neighboriug  localities,  would  be  largely  benefited  by  the  proposed 
improvement.  Two  railroads  are  also  projected — one  leading  from  Elkton  to  Massy's 
Cruss-Roads,  in  Kent  County;  the  other  leading  from  Elkton  to  Oxford,  in  Chester 
County,  Pa.,  where  it  connects  with  a  road  leading  into  the  coal  and  lime  regions  of 
Pennsylvania. 

Vessels  can  already  carry  about  OJ  feet  at  low-water  up  to  Cedar 
Point,  the  confluence  of  Big  and  Little  Elk.  The  width  of  the  stream 
varies  from  100  to  150  feet.  The  improvement  proposed  is  to  make,  by 
dredging,  a  channel  of  6  feet  in  depth  at  mean  low- water,  which  would 
give  a  depth  of  over  8  feet  at  high- water.  Cheap  dikes  are  required  for 
regulating  the  banks,  and  to  provide  a  place  behind  which  to  place 
material  dredged  from  the  river. 

A  channel  from  Cedar  Pohit  to  Elkton  6  feet  in  depth  at  low-water 
and  75  feet  in  width  would  cost  $29,100 ;  a  channel  to  Elkton  6  feet  in 
depth  and  50  feet  in  width  would  cost  $19,600.  To  obtain  the  same  depth 
in  the  Little  Elk,  as  high  as  Bennett's  wharf,  would  cost  for  a  channel 
75  feet  wide  $6,700,  and  for  a  channel  50  feet  wide  $5,000.  To  make  in 
both  branches  a  channel  75  feet  wide  would  therefore  cost,  in  round 
numbers,  $36,000:  to  make  in  ^oth  branches  a  channel  50  feet  wide 
would  cost  $25,000. 

Should  it  be  decided  by  Congress  to  appropriate  for  this  work,  it  is  a 
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case  where  true  ecooomy  requires  the  whole  amount  of  $36,000  to  be 
available  in  one  suui  for  continuous  and  prompt  expenditure. 

It  would  not  be  expedient  to  commence  the  improvement  unless  at 
least  $20,000  were  available. 

Very  respectfully,  your  obedient  servant, 

Wm.  p.  (jKAtoHELL, 

Major  of  Engineei's, 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  EngineerSj  U.  S.  A. 


Report  of  Mr.  William  Popp,  Assistant  Engineer, 

Baltimore,  Md.,  November  15, 1873. 

Major:  I  have  the  honor  to  submit  the  following  report  on  the  survey  of  Elk  River 
below  Elkton,  Md.,  uifMle  by  me  under  your  direction,  from  October  13  to  19  : 

An  examination  of  the  river  having  been  made,  and  a  report  submitted  January  18, 
which  contained  a  general  description  of  Elktoo  and  the  river,  I  beg  leave,  in  order  to 
avoid  repetitions,  to  refer  to  that  report. 

The  results  of  the  late  survey,  which  was  conducted  with  great,  care,  are  given  on 
the  accompanying  sketch.  The  soundings  appearing  on  the  sheet  make  up  about  one- 
sixth  part  of  those  taken.  They  were  reduced  to  mean  low- water,  as  determined  by 
tidal  observations  taken  at  Howard's  wharf  during  six  days.  As  there  were  several 
unusually  low  tides  occurring  during  the  progress  of  the  survey,  it  is  believed  that 
mean  low-water  thus  determined  is  probably  taken  somewhat  too  low. 

Elk  River  is  formed  by  two  brancnes,  Big  Elk  and  Little  Elk  Creeks,  whose  conflu- 
ence is  at  Cedar  Point.  No  difficulty  is  experienced  by  vessels  trading  on  the  river  un- 
til they  reach  Cedar  Point,  the  ruling  depth  up  to  that  point  being  about  6^  feet  at 
low- water.  From  Cedar  Point  up.  Big  Elk  Creek  gradually  shoals,  the  shoalest  place 
of  it  being  situated  about  one-fourth  mile  below  the  bridge,  where  the  available  depth 
of  water  Ih  only  If  feet.  The  width  of  Big  Elk  varies  from  100  to  150  feet.  Thb  bot- 
tom consists  of  sand  and  mud.  The  proportion  of  mud  decreases  in  going  np  the  creek, 
and  it  disappears  near  Ben's  Gut  entirely,  and  is  finally  replaced  by  tine  gravel.  Above 
the  bridge  the  creek  gradually  assumes  the  character  of  a  mountain-stream ;  the  bot- 
tom changes  from  sand  to  gravel;  numerous  shoals,  with  only  a  few  inches  of  water  on 
them,  alternate  with  deep  holes;  the  banks  become  steep;  the  bed  of  the  creek  deeply 
cut  in  the  surrounding  land.  This  part  of  the  creek  has  not  been  shown  on  the  accom- 
panying sketch,  and  no  further  reference  will  be  made  to  it. 

In  Little  Elk  a  ruling  depth  of  about  5  feet  at  mean  low-water  is  found  as  far  up  as 
Bennett's  wharf.    The  channel,  however,  is  narrow. 

Both  Big  Elk  and  Little  Elk  Creeks  are  bordered  along  the  greater  part  of  their 
course  by  marshes,  drained  by  numerous  "  guts."  The  reference  of  the  marshes  near 
the  banks  is  about  that  of  ordinary  hi^h- water  or  but  slightly  higher.  Toward  the 
interior  of  the  marshes  there  is  a  sufficient  fall  of  the  ground  to  make  it  several  inches 
below  high-water.  Basins  are  thus  created  which,  being  filled  during  the  flood-tide, 
discharge  their  contents  through  the  "guts"  during  ebb.  The  discharge  continues 
some  time  after  the  turn  of  tide  in  the  creeks,  especially  after  very  heavy  high-tides, 
owing  to  the  fact  that  the  water  admitted  partly  over  the  banks  during  flood  is  com- 
pelled to  return  through  the  narrow  mouths  of  the  "  guts." 

The  improvements  desired  by  the  citizens  of  Elkton  is  a  practicable  channel,  with  a 
depth  of  6  feet  at  low- water  from  Cedar  Point  to  Howard's  wharf,  and  a  turning-place 
near  that  wharf.  Some  also  desire  to  have  Little  Elk  improved  in  the  same  manner  as 
far  as  Bennett's  wharf. 

The  proposed  channel  and  dikes  shown  on  the  accompanying  sketch  would  cost  as 
follows : 

Channel  75  feet  wide  at  bottom,  with  proper  side-slopes,  6  feet  deep  at  mean 
low-water,  including  turning-place,  51,000  cubic  yards,  at  35  cents $17, 850 

Dikes  for  regulating  width  of  creek  and  retaining  excavated  material,  4,300 
linear  feet,  at  $2 8  600 

Engineering,  Buperintendenoe,  &.C.,  10  per  cent 2,645 

29,095 
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Same  channel  as  above,  only  50  feet  wide,  36,000  cubic  yards,  at  35  cents |12, 600 

Dikes,  2,600  linear  feet,  at  $2 5,200 

Engineering,  superintendence,  &.c 1,780 

19,580 

If  Little  Elk  15e  improved,  the  cost  will  be  as  follows : 

Channel  75  feet  wide,  6  feet  deep  at  mean  low-water,  from  near  Cedar  Point  to 

Bennett's  wharf,  13,200  cubic  yards,  at  35  cents $4,620 

Dike,  700  linear  feet,  at  |2 : 1,400 

Contingencies,  10  per  cent 602 

6,622 

Same  channel  as  above,  only  50  feet  wide,  8,700  cubic  yards,  at  35  cents $3, 045 

Dike,  700  linear  feet,  at  $2 1,400 

Contingencies,  10  percent f 444 

4,889 

Below  Cedar  Point  no  improvement  is  required,  except  the  removal  of  two  piers  of 
a  wharf  near  Frenchtown.  They  consist  of  a  wooden  crib  filled  with  stones,  and  their 
removal  would  cost — 

220  cubic  yards  crib- work,  at  fl 1220  00 

If  Big  Elk  is  improved  as  above  proposed,  an  appropriation  of  about  |2,000  every 
eight  or  ten  jrears  will  be  required  to  maintain  it  in  good  condition. 

Elkton  is  situated  in  the  collection-district  of  Baltimore,  which  is  also  the  nearest 
port  of  entry.  Amount  of  revenue  collected  at  that  place  during  last  fiscal  year, 
17,298,409.69. 

For  information  concerning  commercial  importance  of  place  and  other  statistical 
rdata,  I  beg  to  refer  to  appendix  of  report  submitted  January  18, 1873. 
Very  respectfully,  your  most  obedient  servant, 

William  Popp. 
'Maj,  W.  P.  Craiohill, 

Corps  of  Engineersy  U,  S,  A, 


U  23. 

OLD-HOUSE  CHANNEL,  PAMLICO  SOUND,  NORTH  CAROLINA. 

United  States  Engineer  Oppiob, 

Baltimore,  Md.,  February  24,  1874. 

General  :  An  examinatioii  or  sarvey  of  Old-House  Channel,  Pamlico 
Sound,  North  Carolina,  was  directed  in  the  appropriation  bill  of  March 
3, 1873.  A  great  pressure  of  other  duties  prevented  the  examination 
until  December,  1873,  when  it  was  made  by  Mr.  George  H.  Elliott.  A 
copy  of  his  report  is  forwarded  herewith,  accompanied  by  a  sketch  of 
the  locality. 

The  channel  is  described  in  Mr.  EUiott^s  report,  as  is  also  Oregon 
Inlet,  through  which  it  is  connected  with  the  ocean.  The  channel,  if 
improved,  would  have  no  value  unless  the  permanence  of  Oregon  Inlet 
wras  guaranteed.  This  inlet  is  constantly  changing  in  its  location,  and 
the  channel  through  it  is  also  variable,  both  in  position  and  depth  of 
water,  being  tortuous  even  in  its  best  condition.  The  Old-House  Chan- 
nel itself  is  obstructed  at  a  distance  of  about  four  miles  from  the  inlet 
by  a  shifting  sand  bulk-head. 

After  considering  the  circumstances  of  this  case  I  am  brought  to  the 
conclusion  that  the  probability  of  successful  improvement  is  so  small, 
the  expense  of  any  scheme  promising  permanently  good  results  so 
large,  and  so  out  of  proportion  to  the  value  of  the  commerce  likely  to 
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be  benefited  thereby,  that  I  am  constrained  to  re«omraend  that  no 
money  be  spent  by  the  United  States  in  the  attempt  to  improve  the  Old- 
House  Channel. 

Very  respectfully,  your  obedient  servant, 

William  P.  Craighill, 

Major  of  Engineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  UngineerSj  U.  8.  A. 

Report  of  Mr,  G.  H.  Elliott,  Aasiatant  Engineer, 

Fort  Monroe,  Virginia,  February  l*i,  1874. 

Colonel  :  I  have  the  houor  to  sabmit  report  on  the  examinatioa  of  the  Old-House 
ChaiiDel,  Pamlico  Soand,  North  Carolina,  made  under  your  direction  in  December  last. 

This  channel  is  situated  in  the  northeastern  extremity  of  Pamlico  Sound,  adjacent 
to  Oresnn  Inlet,  which  is  its  outlet  to  the  ocean.  From  the  inlet  it  extends  inward  in 
a  southwesterly  direction  for  about  four  miles,  to  what  is  known  as  the  Bulk-head, 
where  it  terminates.  This  bnlk-head  (of  sand)  is  about  half  a  mile  wide  at  its  nar- 
rowest point ;  after  passing;  over  it  6  feet  water  is  fouod ;  this  gradually  increases  to 
the  main  channel  of  the  sound,  where  there  is  a  depth  of  15  feet.  Vessels  entering  the 
inlet,  and  bound  up  or  down  the  sound,  must  pass  through  this  channel,  as  nearly  the 
whole  of  the  sound  in  this  vicinity  consists  of  sand-flats,  of  which  a  large  portion  are 
dry  at  low- water,  and  as  there  is  now  a  depth  of  but  4  feet  on  the  bulk-head  at  high- 
water,  the  channel  is  but  little  nse<l  by  coasting-vessels.  Oregon,  the  most  northern 
inlet  south  of  Cape  Henry,  is  a  breach  made  by  the  ocean  through  the  narrow  beach 
during  a  ^erv  severe  storm  in  1847,  when  the  tide  rose,  as  people  living  there  then  and 
DOW  say,  10  ieet  above  ordinary  high- water,  and  carried  away  nearly  everything  mova- 
ble. It  is  shifting  in  its  character,  as  will  be  perceived  by  reference  to  the  sketch  ac- 
companying this  report,  on  which  are  indicated  the  shore-lines  at  the  date  of  its  surveys 
(United  States  Coast  Survey)  in  1849  and  1862,  and  of  the  recent  examination.  These 
show  that  it  has  moved  southward  since  1849  some  three-eighths  of  a  mile,  and  from 
past  experience  it  cannot  but  bo  regarded  as  probable  tnat  at  some  future  day  it  may 
close  up,  as  have  others  on  this  coast ;  notably,  the  one  at  Nag's  Head,  which  defied  the 
attempts  made  for  its  improvement.  The  channel  out  is  crooked,  and  the  depth  of 
water  variable,  averaging  from  8  to  9  feet  on  the  bar  at  ordinary  high-tide,  which  is 
about  the  depth  on  the  bar  in  what  is  known  as  the  Swash  Channel  at  Hatteras  Inlet, 
although  on  the  outer  bar  there  is  a  depth  of  18  feet. 

The  advantages  to  be  gained  by  the  improvement  of  this  channel  and  the  inlet  are , 
avoiding  the  difficult  and  dangerous  navigation  of  Cape  Hatteras  and  vicinity  by  all 
coasting-vessels  entering  Pamlico,  and  in  case  of  those  bound  north  of  Hatteras  Inlet 
for  Roanoke  Island,  Albemarle  Sound,  or  any  of  the  rivers  entering  into  it  and  the 
northern  portion  of  Pamlico,  a  saving  of  time  and  distance,  as  at  present  they  have  to 
run  down  to  Hatteras,  sixty  miles  run  south  of  Oregon,  and  then  return  the  same  dis- 
tance up  the  sound ;  whereas,  were  they  able  to  pass  in  at  Oregon  and  through  the  Old- 
House  Channel,  they  would  be  at  the  extreme  north  of  Pamlico,  and  in  a  nearly  central 
position  with  regard  to  all  points  of  that  and  Albemarle  Sounds. 

Notwithstandmg  these  advantages,  I  do  not  think  them,  at  the  present  time,  at  all 
commensurate  witn  the  expense  ot  such  an  uncertain  undertaking  as  this  improvement 
wonld  be,  especially  as  nearly  the  whole  of  the  trade  of  Albemarle,  and  a  large  portion 
of  that  of  Pamlico  Sound,  is  now  carried  on  through  the  Albemarle  and  Cbesapeiike 
Canal,  at  freight  rates  which  compare  favorably  with  those  in  other  portions  of  the 
South,  and  freight-boats  will  have  to  be  increased  to  a  very  great  extent  beibre  it  will 
be  found  insufficient  to  accommodate  them,  in  which  event  the  Dismal- Swamp  Canal 
wonld  doubtless  be  enlarged  and  re-opened. 

A  long  and  careful  study  of  data,  only  to  be  obtained  by  a  very  considerable  amount 
of  field-work,  as  also  of  the  changes  to  which  the  inlet  channel  and  shoals  in  the  vicin- 
ity are  subject  from  the  action  of  wind  and  tide,  will  be  necessary  to  form  even  an  ap- 
proximate estimate  of  the  cost  of  an  improvement  of  any  value.  As  an  illustration  of 
the  effect  of  the  wind,  I  may  state  that  on  December  26,  1873,  during  my  stay  in  the 
vicinity,  a  northeast  storm  prevailing,  the  water  near  the  bulk-head  fell  in  a  few  hours 
^  feet,  and  on  the  wind  changing  to  northwest  rose  with  even  greater  rapidity,  and 
continued  to  rise  until  it  reached  a  level  of  5f  feet  above  the  low- water  level  of  Decem- 
ber 26.  This  caused  a  change  of  position  in  the  outer  line  of  the  bolk-heiul  of  several 
hundred  feet,  but  no  opportunity  was  afforded  me  of  measuring  it  accurately. 
Very  respectfully,  your  obedient  servant, 

Geo.  H.  Eixiott, 

Col.  WoxiAM  P.  Craiohill,  Aaeistant  Engineer. 

Corps  of  Engineers,  (  -  r\r\n  I  o 
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U  24. 

JAMES  RIVER  AND  KANAWHA  CANAL. 

Report  of  the  Board  of  Engineers. 

Army  Building, 
New  YorJcy  March  18,  1874. 

General  :  The  Board  of  Engineers  convened  by  Special  Order  17, 
War  Department,  Adjutant-General's  Office,  January  27,  1874,  to  exr 
amine  and  report  upon  the  James  River  ani  Kanawha  Canal  project, 
respectfully  report  that  they  met  and  organized  at  the  office  of  the  engi- 
neer in  charge,  at  Richmond,  Va.,  on  the  5th  of  February.  By  invita- 
tion of  the  president  of  the  James  River  and  Kanawha  Oanal  Company, 
Col.  C.  S.  Oarrington.  they  thence  proceeded,  in  the  steam-yacht  kindly 
placed  at  the  disposition  of  the  board  by  General  W.  F.  Bartlett,  to 
examine  so  much  of  the  existing  canal  from  the  basin  at  Richmond  as 
far  up  as  could  be  compassed  in  a  day's  excursion.  The  following  day, 
after  having  examined  the  locks  connecting  the  basin  with  the  docks 
along  the  river,  they  were  met  by  a  committee  of  both  honses  of  the 
general  assembly  of  the  State  of  Virginia,  by  whom  they  were  introduced 
to  and  received"  by  the  senate  and  house  of  representatives  in  session, 
and  were  presented  to  his  excellency  the  governor  of  the  State. 

The  same  night  they  took  passage  on  the  Chesapeake  and  Ohio  Rail- 
road, accompanied  by  the  president  and  chief  engineer  of  the  James 
River  and  Kanawha  Canal  Company,  (Col.  C.  S.  Carrington  and  Mr.  J. 
M.  Harris,)  and  the  chief  engineer  of  the  Chesapeake  and  Ohio  Railroad, 
(Mr.  H.  D.  Whitcomb,)  for  Charleston,  West  Virginia. 

As  the  proposed  route  down  the  Great  Kanawha  below  Charleston  is 
to  consist  of  a  sluice-dam  navigation,  it  was  not  deemed  necessary  to 
extend  the  present  examination  farther  west  than  Charleston,  especially 
as  the  season  of  the  year  was  unpropitious,  and  the  character  of  thi* 
project  could  be  perfectly  understood  without  such  examination.  Pass- 
ing Sunday,  February  9,  in  Charleston,  the  board  had  opportunity  to 
obtain  much  valuable  information  concerning  the  proposed  route  and 
the  extraordinary  geological  features  of  the  great  Kanawha  Valley. 

On  Monday,  the  10th,  the  board,  accompanied  by  the  gentlemen 
already  named,  took  a  special  train  placed  at  its  disposal  by  the  courtesy 
of  the  Chesapeake  and  Ohio  Railroad  Company,  and  proceeded  east- 
ward, examining  as  they  went  the  location  of  proposed  dams  for  the 
slack-water  navigation  of  the  Kanawha  and  New  Rivers,  and  stopped 
for  the  night  at  White  Sulphur  Springs,  on  Howard's  Creek.  The  west- 
ern end  of  the  tunnel  being  about  two  and  three-quarters  of  a  mile  below 
the  Springs,  and  two  and  a  half  miles  from  its  junction  with  the  Green- 
brier River,  and  the  eastern  end  but  a  few  miles  eastward,  the  Springs 
offered  the  most  convenient  point  for  ati  examination  for  the  location  of 
the  tunnel,  and  of  its  shafts,  as  well  as  for  obtaining  a  comprehensive 
idea  of  the  topography  of  the  region  of  the  summiMevel.  That  the 
ground  was  covered  with  snow  was  of  course  an  obstacle  to  that  thorough 
examination  which  the  members  of  the  board  would  have  liked  to  make; 
nevertheless,  the  essential  features  of  the  location,  so  far  as  the  canal 
and  tunnel  were  concerned,  were,  it  is  believed,  thoroughly  understood. 

The  board  visited  both  of  the  proposed  tunnel  termini,  and,  besides, 
examined  commanding  poinds  with  relation  to  modifications,  and  per- 
haps change  of  location  for  the  tunnel.  They  were  of  course  unable  to 
penetrate  the  mountain  region  where  the  proposed  Anthony's  Creek 
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reservoir  is  located ;  but  this  is  a  matter  where  mere  personal  examina- 
tion coald  have  added  little  or  nothing  to  the  information  furnished  by 
the  surveys  and  long-protracted  observations  of  the  competent  engi- 
neers who  have  prepared  the  plans  and  estimates. 

On  the  following  day,  February  11,  the  board,  completing  its  exam- 
inations in  this  region,  proceeded  to  Goshen,  and  stopped  for  the  night. 
They  had  intended  at  this  point  to  take  stagecoaches  for  Lexington,  and 
thence,  taking  boat  on  the  North  River  branch  of  the  James  River  and 
Kanawha  Oanal,  to  follow  itand  the  main  stem  to  Buchanan,  and  through 
the  Blue  Ridge  to  Lynchburg.  The  state  of  the  roads  was  reported  to 
be  such  that  the  board  concluded  to  proceed  by  rail  to  Lynchburg, 
where  they  arrived  Wednesday  evening,  the  12th.  One  of  the  members 
and  the  recorder  proceeded  thence  down  the  canal  the  same  evening. 
The  others,  all  except  General  Weitzel,  who,  in  consequence  of  pressing 
duties,  left  the  board  at  Goshen  for  his  station,  remained  at  Lynchburg 
throughout  the  next  day,  Thursday,  during  which,  accompanied  by  the 
president  and  chief  engineer  of  the  canal,  and  by  several  prominent 
citizens  of  Lynchburg,  they  made  an  excursion  up  the  canal  to  the 
upper  end  of  Judith  Pond  and  return,  thus  occupying  nearly  the  entire 
day.  On  the  following  day,  Friday,  the  president  of  the  board  left  for 
New  York  by  rail,  while  the  two  remaining  members,  Mr.  Latrobe  and 
Colonel  Oraighill,  passing  the  day  in  Lynchburg,  took  the  canal-packet 
the  ensuing  night  for  Richmond,  arriving  there  Sunday  morning. 

The  board  having  made,  as  well  as  the  season  of  the  year  would  per- 
mit, examination  of  the  route,  separated,  to  enable  members,  while  con- 
tinuing their  investigations,  to  attend  to  their  individual  duties. 

Before  the  reconvention  of  the  board,  on  call  of  the  president,  March 
9,  two  of  the  members,  Mr.  Latrobe  and  Colonel  Oraighill,  who  had  been 
appointed  a  committee  to  examine  the  estimates,  devoted  much  of  their 
time  to  this  duty,  in  which  they  were  assisted  by  Mr.  Harris,  Mr.  Hut- 
ton,  and  Mr.  Turpin.  They  also  visited  the  Hoosac  tunnel  for  the  pur- 
pose of  obtaining  information  bearing  upon  tunnel-construction,  and 
the  president  visited  Syracuse  to  obtain  from  the  actual  experience  ot 
the  Brie  Canal  important  facts  concerning  water-consumption  and  lock 
arrangements. 

The  board  having  re-convened  in  New  York  on  the  9th,  were  favored 
with  the  attendance  of  Mr.  Harris  (chief  engineer  of  the  James  River 
and  Kanawha  Canal)  and  of  Mr.  Hutton ;  and  their  several  reports  and 
estimates  were  again  gone  over  by  the  full  board. 

The  foregoing  account  of  the  proceedings  of  the  board  will  show  that, 
for  so  vast  a  subject,  these  examinations  could  be  but  of  a  very  general 
character.  In  such  a  case  the  obvious  mode  of  proceeding  was  first  to 
satisfy  themselves  that  the  projects  presented  had  been  conscientiously 
made  up  by  competent  engineers,  and  that  their  data,  their  facU^  their 
surveys,  &c.,  (to  the  extent  at  least  purported,)  were  reliable.  The  board 
at  the  outset  unhesitatingly  affirms  this  to  be  the  case  in  the  projects 
submitted.  The  project  differs,  by  a  world-wide  difference,  from  a  mere 
reconnoissance  of  a  new  route.  A  large  part  of  it  lies  over  a  work  ac- 
tually constructed;  another  portion  over  an  extension  of  that  same 
work  actually  commenced,  but  as  yet  incomplete;  another  portion 
connecting  with  the  last-named  and  extending  over  the  summit  to  the 
Greenbrier  as  early  as  1825-'26,  the  subject  of  very  accurate  surveys 
and  estimates  by  the  subsequently  eminent  engineer,  the  late  Major 
McNeill,  United  States  Topo^aphical  Engineers.  With  his  accurate  to- 
pography before  them,  the  surveys  have  been  repeated,  and  again  repeat- 
ed since,  and  projects  revised,  and  plans  made  with  all  this  accumulated 
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information.  A  great  mpdification,  indeed,  of  the  first  plans  has  been 
made:  first,  by  the  late  lamented  Mr.  E.  Lorraine,  (approved  by  all 
subsequent  engineers,)  in  the  introduction  of  the  long  tunnel.  But  to 
modern  engineers  such  tunnels  are  no  novelty,  and  its  existence  in  the 
present  plan  throws  no  element  of  uncertainty,  either  as  to  practica- 
bility or  cost.  So,  too,  with  regard  to  water-supply.  There  can  be  no 
reason  to  call  in  question  the  results  of  the  surveys  and  the  protracted 
observations,  extending  through  a  whole  year,  of  the  late  Mr.  Lor- 
raine. 

With  regard  to  a  very  important  part  of  the  line — ^the  Greenbrier  and 
New  Kiver  slack-water  improvement  from  Howard's  Creek  to  the  Great 
Falls  of  the  Kanawha — the  engineer  in  charge  has  officially  stated  that 
he  has  not  had  adequate  means  of  surveying,  and  therefore  that  the 
plans  have  not  been  founded  on  such  perfect  knowledge  of  the  bed  of 
the  river  and  of  its  regimen  as  would  be  desirable  5  nevertheless,  the 
board  bear  witness  that  the  efforts  of  the  late  Mr.  Lorraine  and  of  his 
successor,  (at  the  time  assistant  on  this  work,)  Mr.  Harris,  have  been 
most  strenuous  to  supply  the  deficient  informatioii,  and  that  their  plans 
for  locks  and  dams  have  been  most  carefully  and  conscientiously  made 
up,  while  lacking  in  some  elements  for  satisfactory  location  or  for  pre- 
cision of  estimate. 

Having  convinced  themselves  of  the  reliability  of  the  data  by  proper 
evidence,  the  board  must  necessarily  make  these  data  the  basis  of  their 
own  opinions ;  and  if  these  diverge  from  those  upon  which  the  plans 
have  been  based,  it  must,  in  general,  be  in  consequence  of  modification  of 
those  plans  being  judged  necessary. 

With  these  preliminary  remarks,  a  brief  description  of  the  project,  as 
presented  to  our  consideration,  will  now  be  given. 

The  James  River  and  Kanawha  Canal  is  a  project  for  connecting  the 
James  River  at  Richmond  with  the  Ohio  River  at  Point  Pleasant,  by 
means  of  a  canal  and  slack- water  navigation .  The  canal  to  be  constructed 
will  have  a  width  of  70  feet  at  the  water-line,  with  a  depth  of  7  feet ;  its 
locks  to  be  120  feet  between  the  gates,  and  to  have  a  width  of  chamber 
of  20  feet.  The  tonnage  of  the  boats  to  be  used  on  it  will  be  about  280 
tons.  The  slack-water  navigation  to  b^gin  at  the  Greenbrier  River,  at 
the  end  of  the  canal,  and  to  continue  down  this,  the  Kew,  and  the  Kan- 
awha, to  the  Ohio  River.  The  locks  for  this  navigation  are  designed  to 
be  240  feet  by  40  feet,  with  7  feet  depth  of  water,  and  to  accommodate  a 
barge  of  700  tons,  or  four  boats  for  the  enlarged  canal. 

From  Paint  Creek  Shoals,  on  the  Kanawha,  to  the  Ohio  River,  it  is 
proposed  to  improve  the  navigation  by  means  of  open  sluice-dams. 

To  furnish  the  supply  of  water  for  this  improvement,  it  is  proposed  to 
construct  two  reservoirs,  the  first  in  the  valley  of  Anthony's  Creek,  a 
tributary  of  the  Greenbrier  River,  and  the  second  in  the  valley  of  Meadow 
River,  a  tributary  of  the  Gauley  River. 

The  execution  of  the  project  involves  work  which  may  be  subdivided 
as  follows : 

1st.  The  enlargement  of  the  existing  canal  from  Richmond  to  Bu- 
chanan. 

2d.  The  construction  of  the  projected  and  definitely-located  portion  of 
the  canal  from  Buchanan  to  the  mouth  of  Fork  Run.     . 

3d.  The  construction  of  the.  canal  up  Fork  Run  to  the  summit-level 
1,700  feet  a'bove  tide,  under  the  Tuckahoe  and  Katis  Mountains,  by  a 
tunnel  seven  and  four-fifths  miles  long,  and  thence  down  the  valley  of 
Howard's  Creek  to  the  Greenbrier  River. 

4th.  The  slack- water  improvement  of  the  Greenbrier,  New,  and  Kana- 
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wba  Elvers  to  Paint  Creek  Shoals,  (with  occasional  short  canals  to  avoid 
expensive  location  of  dams.) 

5th.  The  open  sluice-dam  improvement  of  the  Kanawha  Eiver  from 
Paint  Creek  Shoals  to  its  junction  with  the  Ohio  Eiver. 

Concerning  this  project,  the  board  is  required  to  report  upon  ^'  all 
questions  of  practicability,  plan,  and  probable  cost  for  a  water-commu- 
nication to  the  Ohio  by  the  way  of  the  James  and  Kanawha  Eivers, 
together  with  the  probable  time  required  for  its  completion,  and  the 
cost  of  maintenance  when  built." 

On  the  first  point,  practicability  of  a  water-communication,  a  resolu- 
tion, adopted  unanimously,  shows  the  sense  of  the  board : 

BeBolvedf  That,  in  the  opinion  of  this  board,  it  is  entirely  practicable  to  connect  the 
waters  of  the  James  and  Ohio  Rivers  by  a  water-navigation  7  feet  in  depth. 

In  this  connection  we  remark  that  the  route  from  Eichmond  as  far  as 
Covington  (243.77  miles)  is,  from  the  first-named  place  to  Buchanan, 
196J  miles,  an  established  work,  to  be  merely  enlarged^  and  between 
Buchanan  and  Covington  (47.27  miles)  a  partially-executed  work. 
There  could  be  no  doubt  of  the  practicability  of  enlargement^  unless 
some  unusual  obstacle  interposed.  On  the  contrary,  we  are  assured  by 
the  engineers  in  whose  charge  the  existing  work  now  is,  and  to  whom 
it  is  thoroughly  well  known,  that  not  only  is  enlargement  practicable, 
but  that  it  has  been  carefully  estimated  for. 

The  remaining  portion  of  open-canal  route  between  Covington  and 
the  Greenbrier  has  been,  almost  throughout  its  whole  length,  examined 
by  the  board,  and  it  is  their  opinion  that  it  is  as  practicable  to  make 
the  open-canal  part  as  in  parts  where  the  work  has  been  already  executed. 

With  regard  to  the  tunnel,  as  presented  to  us,  it  is  of  about  the  same 
length  as  the  Mont  Cenis  tunnel,  and  it  has  a  very  great  advantage 
over  this,  that  whereas  that  was  wholly  driven  from  the  ends,  the 
proposed  tunnel  will  be  driven  from  shafts  of  moderate  height,  and  at 
distances  seldom  exceeding  one  mile.  The  rock,  too,  is  of  a  material 
very  easily  excavated. 

With  regard  to  the  proposed  reservoirs  on  Anthony's  Creek  and 
Meadow  Eiver,  the  question  of  practicability  depends  solely  upon  that 
of  building  dams  of  the  required  height,  about  which  no  question  has 
been  raised.  The  drawing  of  water  in  large  volumes  and  the  controlling 
of  its  draught,  under  a  head  of  60  or  more  feet,  may  indeed  require 
unusual  arrangements  and  extraordinary  precautions,  all,  however, 
perfectly  practicable. 

With  regard  to  the  extension  of  the  water-line  from  the  mouth  of 
Howard's  Creek,  on  the  Greenbrier,  to  the  Great  Palls,  while  the  board 
is  unanimous  a«  to  the  question  of  practicability  of  a  "  water-communi- 
cation,'' they  are  not  so  as  to  the  proposed  method  of  locks  and  dams, 
or  slack-water  navigation )  and  the  difference  involves  very  material 
differences  in  the  probable  cost  of  the  work.  All  concur, -however,  in 
the  opinion,  as  expressed  by  formal  resolution,  '<  that  it  may  be  expe- 
dient to  adopt  canal-navigation  for  this  part  of  the  line,  with  occasional 
exceptions,  where  it  may  be  desirable  in  consequence  of  peculiarly 
fovorable  reaches  or  the  necessity  of  water-supply." 

Concerning  the  further  extension  of  the  water-communication  of  7 
feet  at  low- water  from  the  Great  Falls  to  the  mouth  of  the  Kanawha,  no 
question  of  practicability  has  been  raised,  i.  a.,  that  by  dams  and  sluices, 
or  else  by  locks  and  dams,  it  may  be  accomplished. 

In  the  question  of  practicability,  that  of  water-supply  at  the  summit 
is  necessarily  involved.    Accepting  as  reliable  the  surveys  and  observa- 
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tions  of  Anthony's  Greek  and  its  water-shed,  the  qnestion  of  quantity 
of  water  available  from  that  source  is  accepted  with  them.  Taking 
actaal  experience  on  the  Jordan  summit  of  the  Erie  Canal  for  estimat- 
ing water-consumption,  the  demand  would  be  somewhat  greater  than 
in  the  estimates  presented  to  us ;  nevertheless,  a  large  surplus  still  re- 
mains, while,  on  the  other  hand,  the  whole  Greenbrier  Valley,  from  near 
Howard's  Creek  to  its  sources,  lies  above  the  proposed  summit-level, 
and  a  large  portion  of  its  water-shed  (five  times  that  of  Anthony's 
Creek)  may  be,  by  reservoirs,  converted  into  gathering-ground  for  the 
canal.  The  board,  therefore,  are  unanimous  in  the  opinion  that  an  ample 
water-supply  can  be  commanded. 

On  the  second  point  submitted,  viz,  the  plan,  there  are  minor  differ- 
ences of  opinion  applying  to  all  that  portion  east  of  the  summit,  (or,  more 
generally  speaking,  to  all  everywhere  which  sIiaU  be  open  canal,)  which, 
however,  will  involve  very  considierable  differences  as  to  cost.  These 
differences  refer  to  whether  the  proposed  plans,  with  single  locks,  shall 
be  accepted  as  they  are,  or  whether  the  locks,  remaining  single,  shall  be 
enlarged  5  or,  finally,  whether  double  locks  shall  be  everywhere  con- 
structed and  the  sides  of  the  prisms  be  revetted. 

So  far  as  regards  the  tunnel,  the  board  is  unanimously  of  opinion  that 
a  tunnel  of  the  dimensions  proposed,  (52  broad  by  34  high,)  L  e.,  wide 
enough  forpasaiifig  everywhere,  should  not  be  attempted,  and,  on  the  sug- 
gestion of  one  of  our  members,  unite  on  the  recommendation  of  a  single 
tunnel  with  turn-outs  of  dimensions  which  will  be  fully  set  forth  in  his 
individual  report,  with  which,  hereafter,  if  found  necessary^  a  second 
tunnel  may  be  combined.  It  is  also  suggested  that  the  tunnel  and  canal 
construction  may  be  facilitated  by  raising  the  level  20  feet,  so  as  to  avoid 
the  deep  cutting  in  the  narrow  valley  of  Howard's  Creek ;  or  improved 
by  a  radical  change  of  location,  taking  a  point  near  the  railroad-cross- 
ing in  the  ravine  of  Brush  Creek,  or  Jerry's  Run,  for  the  eastern  terminus, 
and  the  same  point  on  Howard's  Creek  for  the  western.  By  this  it  is 
supposed  that  two  miles  of  canalling  would  be  saved,  and  the  location 
laid  in  a  more  open  valley  (Brush  Creek)  than  Fork  Bun ;  or,  finally,  and 
possibly,  by  starting  from  the  last-named  point  and  tunneling  a  dis- 
tance scarcely  exceeding  that  originally  designed  by  Mr.  Lorraine,  (nine 
miles  and  a  fraction,)  the  valley  of  the  Greenbrier  may  be  reached,  by 
which  the  expensive  canalling  in  Howard's  Creek  ravine  and  the  feeder 
would  be  wholly  dispensed  with.  These  modifications  of  location  are  not 
mentioned  as  matters  of  positive  recommendation,  but  as  subjects  for 
further  survey,  with  a  view  to  having  the  best  possible  location; 

The  board  here  remark,  too,  that  in  so  long  a  tunnel  the  question  of 
traction  assumes  a  very  predominant  importance.  Diminution  of  the 
great  cost  of  such  works  impels  the  fixing  of  the  very  narrowest  dimen- 
sions admissible.  On  the  other  hand,  resistance  to  traction  increases  so 
rapidly,  as  the  dimension  of  the  tunnel  is  made  to  approximate  to  the 
dimension  of  the  boat,  that  it  becomes  a  very  important  question  how 
those  dimensions  should  be  fixed ;  whether  the  diminution  of  width  (by 
which  the  cost  of  excavating  and  arching  is  much  diminished)  may  not 
be  compensated  by  an  increase  of  depth  \  and  finally,  that  the  mode  of 
traction  be  positively  fixed  before  the  tunnel-section  and  interior  ar- 
rangements are  finally  determined.  The  long  experimental  difficulties 
encountered  on  the  St.  Quentin  tunnel,  three  and  one-fourth  miles 
long,  (Belgium,)  and  the  Pouilly  tunnel,  two  and  one-tenth  miles  long, 
(France,)  in  applying  horse-power  and  steam,  show  that  the  tunnel  can- 
not be  economically  and  successfully  planned  till  the  matter  is  entirely 
settled.    Were  the  question  still  in  the  form  originally  presented  to  us. 
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1.  e.,  of  a  single  tannel  wide  enough  for  passing,  this  matter  of  traction 
woald  play  a  less  important  part,  for  there  would  be  a  wide  water-way, 
(in  which,  nevertheless,  there  is  still  an  increase  of  25  per  cent,  in  the 
traction,  according  to  Mr.  Hotton's  calculations,)  but  with  a  narrow 
tunnel  the  question  becomes  of  very  great  importance. 

Concerning  the  plans  for  lock  and  dam  navigation  on  the  Greenbrier, 
New,  and  Kanawha  Rivers,  there  is  difference  of  opinion  as  to  the  ap- 
plicability of  the  system,  while  it  is  admitted  that  further  surveys  are 
necessary  to  the  final  adjustment  of  these  plans.  The  engineer  in  charge 
states  officially  to  the  board,  '^  I  would  not  build  dams  on  bowlders,  but 
I  have  no  doubt  of  our  ability  to  carry  the  work  through  the  New  River 
sections  successfully  by  the  use  of  the  ultimate  resort  of  a  canal  at 
points  where  others  fail."  As  four  of  the  Ifew  River  dams,  besides  sev- 
eral others,  are,  in  the  projects  before  us,  founded  where  as  yet  the  bed- 
rock  ha^  not  been  discovered,  the  above  statement  is  conclusive  that 
the  plans  need  revision.  As  there  is  not  complete  unanimity,  as  before 
observed,  concerning  the  success  of  the  slack-water  method  of  naviga- 
tion in  this  locality,  the  objection  to  it  must  be  left  for  discussion  in  the 
individual  reports. 

On  the  third  point  submitted  to  the  board,  viz,  the  probable  cost,  the 
resolution  of  the  board — that,  in  the  opinion  of  the  board,  the  water- 
line  by  the  James  River  and  Kanawha  route,  with  7  feet  depth,  may 
be  completed  in  six  years  at  a  cost  of  not  more  than  $60,000,000,  allow- 
ing an  unusually  broad  margii\  for  contingencies  which  cannot  be  accu- 
rately measured;  the  cost  may  reasonably  be  expected  to  be  within 
$55,000,000,  and  possibly  not  exceed  $50,000,000 — expresses  the  sense 
of  the  majority  of  the  board  both  as  to  probable  cost  and  time  of  com- 
pletion. 

Lt  has  already  been  stated  that  the  estimates  submitted  by  the  engi- 
neer have  been  revised  and  in  general  seemed  adequate  for  the  work  pro- 
posed. Indeed,  the  only  increase  in  the  scale  of  prices  has  been  a  mod- 
erate one  applied  to  the  summit-tunnel,  at  the  recommendation  of  one  of 
our  members,  whose  experience  has  made  him  particularly  authoritative 
on  this  subject.  One  of  the  members  of  the  board  does  not  concur  in 
the  above-specified  probable  cost,  his  dissent  being  founded  on  non- 
concurrence  in  the  portion  of  the  plans  which  involves  slack-water  navi- 
gation, and  on  the  necessity  of  doubling  the  locks  or  increasing,  with 
their  dimensions,  those  of  the  canal-prism  in  order  to  accommodate  the 
expected  traffic. 

Conc5erning  the  fourth  and  last  point  submitted,  viz,  "  the  benefits  to 
commerce  to  be  derived  from  the  construction  of  such  a  work,"  the 
board  C5an  only  speak  in  general  terms.  Indeed,  it  cannot  be  expected 
of  it«  members,  most  of  whom  are  little  conversant  with  the  statistics  of 
commerce  and  with  those  intricate  details  which  are  involved  in  ques- 
tions merely  of  profit  on  capital  invested,  to  speak  otherwise  than  in 
general  terms. 

In  such  terms  the  following  resolution  expresses  the  unanimous 
opinion  of  the  members: 

In  the  opinion  of  the  board,  this  route  presents  extraordinary  claims  as  the  measure 
of  relief  to  the  population  of  the  Western  States,  in  furnishing  them  for  their  balky 
prodactions  cheap  transportation  to  a  market,  and  for  fostering  the  commerce  of  the 
United  States  by  developing  immense  mineral  resources  uow  neglected. 

A  glance  at  the  map  of  the  United  States  east  of  the  Eocky  Mount- 
ains shows  that  the  northern  frontier  is  skirted  by  the  great  lakes  and 
the  St.  Lawrence  River,  furnishing,  with  the  adjunct  of  the  Erie  Canal, 
water-transportation  to  the  seaboard  to  the  entire  northern  border. 
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The  Mexican  Oalf  forms  the  soathern  boundary,  and,  by  aid  of  the 
rivers  which  it  receives,  and  especially  by  the  Mississippi,  furnishes 
water- transportation  to  the  regions  through  which  these  rivers  ramify. 
On  the  other  hand,  there  is  a  great  central  region  for  which  these  routes 
to  the  seaboard  and  a  market  are  too  long.  If  we  regard  the  Mississippi 
Eiver  as  a  great  north  and  south  or  meridian  line  of  water-transporta- 
tion, bisecting  the  country,  as  distinguished  from  the  lakes  and  the  Gulf 
which  skirt  the  northern  and  southern  boundaries,  we  shall  find  that, 
while  this  great  central  axis  sends  out  to  the  westward  its  numerous 
great  and  parallel  arms  to  the  foot  of  the  Rocky  Mountains,  by  which  it 
draws  to  itself  the  freight  commerce  of  this  vast  region,  it  directs  one 
single  central  arm — ^the  Ohio — to  the  eastward  and  toward  the  Atlantic 
seaboard,  and  that  the  natural  and  shortest  prolongation  of  this  arm  to 
the  Atlantic  seaboard  is  the  Kanawha,  and,  by  implication,  the  '^  cen- 
tral water-line"  upon  which  we  are  called  to  report.  With  these  gen- 
eral remarks,  we  believe  we  may,  in  this  report,  dismiss  the  subject, 
referring,  for  statistics  especially  relating  to  it,  to  the  numerous  printed 
documents  and  to  appended  statements  of  several  of  the  individual 
members. 

It  could  hardly  be  expected  that  on  all  points  connected  with  so  vast 
a  project  there  should  be  perfect  unanimity.  Hence,  while  unanimous 
in  the  foregoing,  the  several  members  deem  that  the  full  exhibition  of 
their  sev^eral  views  requires  individual  expressions  of  opinion,  which 
will  be  appended  to  this. 
Respectfully  submitted. 

J.  G.  Barnard, 
Colonel  of  Engineers  and  Bvt.  Maj.  Oen.  U,  8.  A, 
Benj.  H.  Latrobe, 

Civil  JEngineer. 
Q.  A.  Gillmore, 
Ideut  Col.  of  Engineers^  Bvt  Maj.  Oen. 
Wm.  p.  Oraighill, 
Major  of  Engineers^  Bvt.  Lieut.  Col. 
G.  Weitzel, 
Major  of  Engineers,  Bvt  Maj.  Oen.  U.  S.  A. 
Thomas  Turtle, 
First  Ideut  of  Engineers^  Becarder. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  TJ.  8.  A. 


The  following  papers  of  individual  members  fprm  appendixes  to  this 
report,  and  are  deemed  essential  to  a  full  expression  of  the  views  of  the 
board : 

1.  Remarks  of  General  Barnard  supplementary  to  the  general  report  of  the  board  on 
the  James  River  and  Kanawha  Canal  project. 

2.  Letter  to  the  Chief  of  Engineers  of  Mr.  B.  H.  Latrobe. 

3.  Letter  to  the  Chief  of  Engineers  of  General  Q.  A.  GiUmore. 

4.  Letter  to  the  Chief  of  Engineers  of  Col.  W.  P.  Craighill. 

5.  Letter  to  the  Chief  of  Engineers  of  General  G.  Weitzel. 

• 
1. — BemarJcs  of  Oeneral  J.  O.Barnard  supplementary  to  tlie  general  report  of 
the  board  on  the  James  River  and  Kanawha  Canal  project 

In  the  general  report  it  is  stated  that  "  one  of  the  members  of  the 
board  does  not  concur  in  the  above-specified  probable  cost,  his  dissent 
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being  mainly  fonnded  on  non-concnrreuce  in  the  portion  of  the  plans 
which  involves  i|^k -water  navigation,  and  apon  the  necessity  of  doab- 
ling  the  locks,  or  to  increase,  with  the  dimensions  of  the  locks,  those  of 
the  prism,  to  accommodate  the  expected  traffic." 

Concerning  the  increase  in  lock  dimensions  without  enlargement  of 
prism,  width  and  depth,  (as  the  measure  is  anderstood  to  be  in  accord- 
ance with  the  views  of  the  engineers  of  the  existing  canal,  and  as  it  has 
been  ananimonsly  not  only  approved  but  recommended  by  all  my  col- 
leagues on  the  board,)  I  do  not  care  to  press  my  non-concurrence  further 
than  its  verbal  expression,  merely  stating  that  not  having  had  practical 
experience  on  canals,  I  could  only  form  my  opinion  upon  the  well-devel- 
oped experience  of  the  great  work  from  which  actually  proposed  dimen- 
sions of  the  work  submitted  tio  us,  and  of  most  other  like  canal  projects, 
have  been  taken — the  Erie  Canal. 

So  far  as  I  have  had  opportunity  of  learning  that  experience,  the  ton- 
nage estimated  for  the  proposed  canal  (three  times  as  great  as  the  Erie 
has  yet  ever  carried)  demands  either  double  locks  or  much  enlarged 
tonnage  in  its  boats,  to  be  obtained  only  by  increasing  the  lock  dimen- 
sions, and  with  them  the  pnsm  dimensions. 

For  another  reason  I  have  found  myself  unable  to  acquiesce  in  the  con- 
clusions of  the  majority  with  regardto  the  plans  and  probable  cost  of 
the  work.  I  refer  to  the  proposed  "lock  and  dam''  navigation  of  the 
Greenbrier  and  ^ew  Bivers,  on  a  scale  such  as  to  admit  steamers  or 
tow-boats  with  canal-barges,  (locks  240  feet  long  and  40  to  50  feet  wide.) 

In  order  to  be  brief,  I  will  allude  first  to  that  portion  of  the  work 
which  is  least  suited  to  that  kind  of  navigation,  viz,  that  portion  of  the 
New  River  from  Bowyers's  Ferry  to  the  mouth  of  the  Gauley.  It  is  eight- 
een miles  in  leng:th,  and  has  an  average  fall  of  15  feet  per  mile.  The 
expressive  term  "canon,"  though  sometimes  extended  much  further,  is 
more  especially  confined  to  this  portion.  <^  The  river  here  breaks  through 
Sewall  Mountain,  and  is  confined  throughout  within  narrow  limits, 
bounded  by  rugged  banks  and  precipitous  cliffs  rising  many  hundred  feet 
above  the  surface  of  the  water."  Along  this  chasm  the  project  shows  15 
dams,  averaging  one  and  one-fifth  miles  apart,  and  20  locks^  the  longest 
dam  is  607  feet,  and  the  shortest  317  feet.  The  avernge  length  is  404 
feet;  average  height,  (from  foundations,)  30  feet.  The  least  lift  of  any 
lock  is  9  feet ;  the  greatest  24  feet;  lifts  of  15,  16, 17,  and  18  feet  very 
frequent.  The  extreme  flood-discharge  of  the  river  is  estimated  to  be 
98,000  cubic  feet  per  second,  and  to  flow  over  a  dam  of  average  length, 
(404  feet,)  with  a  height  of  17)  feet,  (about.)  The  locks  are  to  be  40  feet 
wide;  to  be  correspondingly  increased,  (i.  e.,  to  46  or  48  feet,)  if  the  en- 
larged lock  recommended  by  the  majority  of  the  board  be  introduced 
into  the  canal  part  of  the  line. 

The  regimen  of  the  river  is  scarcely  at  all  known,  and  even  the 
amount  of  flood-discharge  is  calculated  upon  the  ** concurrent  reports 
of  nearly  all  the  engineers  who  have  surveyed  the  river,  that  it  seldom, 
if  ever,  rises  more  than  8  feet  on  the  ledge,  1,300  feet  long,  over  which 
flow  the  Great  Falls  of  New  Biver;  otherwise  known  as  Richmond 
Falls."  The  lock-gates  and  guard-walls  are  to  be  built  high  enough  to 
exclude  these  floods,  which  are  computed  to  rise  17)  feet  on  the  average 
dam,  and  19  or  20,  probably,  on  those  of  minimum  length. 

The  Greenbrier,  to  junction  of  New  Biver,  forty-nine  miles,  has  an 
average  fall  of  between  6  and  7  feet:  and  from  thence  to  Bowyer's 
Ferry  (about  the  same  distance)  the  New  Biver  falls  (average)  nearly  10 
feet;  tnence  to  Great  Falls,  eighteen  miles,  15  feet  per  mile,  as  before 
stated.     The  floods  of  the  Greenbrier  are  stated  by  Mr.  Hutton  to  be 
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20  feet  high ;  of  the  New  River,  30  to  36  feet  from  Stretcher's  Neck 
(about  fifteen  miles  above  Bowjer's)  to  Bowyer's,  and  ^r  a  few  miles  be- 
low Miller's  Ferry  40  to  50  feet.*  The  Greenbrier  and  upper  parts  of 
New  River  would  be,  of  course,  more  amenable  to  the  slack-water  sys- 
tem than  the  extremely  unfavorable  portion  first  alluded  to :  and  it  is 
quite,  possible  that  reaches  of  some  extent  may  be  introduced.  W  henever, 
however,  the  lockage  is  through  locks  necessarily  laid  with  full  exposure 
to  the  floods,  (as  they  must  be  to  lock  directly  from  pool  to  pool^)  there 
will  be  the  danger  of  destruction  and  the  dangers  and  obstacles  of  cur- 
rents. In  the  x>lans  before  the  board  there  are,  in  all,  60  dams  and  75 
locks,  the  latter  with  an  average  lift  of  14  feet. 

The  foregoing  statement  of  the  elements  which  make  up  the  proposed 
"lock  and  dam  "  t  navigation  will  suffice  to  show  that  they  are  very  un- 
usual. Neither  Mr.  Harris,  (chief  engineer  of  the  James  River  and 
Kanawha  Canal  Company,)  in  his  report  on  the  subject,  January  15, 
1874,  nor  his  predecessor,  the  late  Mr.  Lorraine,  in  answering  the  "objec- 
tions to  canals  in  mountain  districts,"  cite  any  real  precedents.} 

I  would  not  urge  my  individual  opinion,  formed  from  the  most  thorough 
review  of  this  subject  of  improvement  of  rivers  which  I  have  been  able  to 
make,  against  those  of  the  numerous  distinguished  engineers  who  have 
planned  or  given  their  approval  to  the  system;  but  as  an  engineer,  con- 
sulted by  the  Government  on  this  question,  I  cannot,  while  unconvinced 
of  the  adequacy  and  fitness  of  this  link  of  a  "  great  central  water-line^  of 
communication  between  the  trans- Alleghanian  States  and  the  Atlantic 
seaboard,  officially  affirm  its  "practicability,"  though  I  have  no  doubt 
that,  so  far  as  mere  construction  is  concerned,  it  is  so.  I  believe  the 
proper  and  safe  basis  for  the  project  for  this  part  of  the  route  to  be 
an  independent  canal,  with  perhaps  the  introduction  of  occasional  reaxshes 
of  slack -water  which  may  be  peculiarly  favorable  for  navigation  or 
necessary  for  the  purposes  of  water-supply. 

The  rivers  along  which  this  navigation  lies  are  very  tortuous,  the 
straight  line  from  Howard's  Creek  to  Great  Falls  having  little  more 
than  half  the  length  of  their  actual  course.  Thus  far  the  river-channel 
and  immediate  margins  have  alone  been  made  the  subject  of  survey  and 
study,  and  scarcely  more  than  a  guess  can  be  made  as  to  the  direction 
and  depth  of  the  valleys  of  the  numerous  creeks  that  enter.  It  is  at 
least  within  the  compass  of  a  reasonable  probability  that,  by  skillful  use 
of  these  ravines  as  sites  for  the  locks,  combined  with  tunnels  of  greater 
or  less  length,  and  with  occasional  slack-watered  portions  of  the  river, 

"  Flood-marks  of  a  height  very  much  exceediag  these  last  figures  have  been  unmifi- 
takably  diHcovered  at  one  locality  in  the  callon.  As  it  is  exceptional  in  height,  (69  feet,) 
peculiar  to  the  locality,  and  never  actually  observed,  I  only  allude  to  the  recorded  fact. 
The  reduction  of  these  floods  to  less  than  30  foet,  by  the  removal  of  bowlders,  is  as- 
sumed, but,  to  my  mind,  far  from  demonstrated.  The  dams,  even  below  Bowyer's  i^erry, 
average  but  30  feet  above  foundations  and  considerably  less  than  30  feet  above  low- 
water.  They  will,  therefore,  be  overtopped  by  back-water,  by  floods  of  less  than  30 
feet.  Whether,  therefore,  the  guard-locKS  and  short  reaches  of  independent  canal  (the 
sole  harbors  of  refuge  to  boats  caught  in  these  floods)  be  sabmergedi  depends,  it  woold 
seem,  on  the  tcnability  of  this  assumption. 

t  There  is  an  important  distinction  to  be  made  between  a  pure  "  lock  and  dam  "  navi- 
gation, such  as  this  is,  (with  the  exception  of  some  short  canal-reaches  wliere  rock 
foundations  for  dams  are  not  found,)  and  a ''  slack-water '^  navigation  in  which  favorable 
reaches  of  Hlack- water  are  introduced.  The  latter  is  uot  inconsistent  with  entire  re- 
moval of  lift-locks  from  the  river  to  dry  laud. 

t  Where  the  James  River  Canal  passes  the  Blue  Ridge,  with  a  fall  of  about  14  feet 
per  mile,  the  navigation  is  independent  canal.  Above  and  below  the  Blue  Kidge  the 
slack -water  consists  of  occasional  favorable  reaches  connected  by  canal,  the  fall  being 
leas  than  5  feet  per  mile.  So  of  the  North  River  branchy  where  the  fall  is  9^  feet  per 
mile.    The  locks,  moreover,  are  only  15  feet  in  width. 
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the  canal  and  locks  may  be  removed  entirely  from  the  riverbed,  and 
the  length  of  the  line  greatly  reduced,  doing  away  with  most  of  the 
dams,  placing  the  locks  where  their  construction  will  (diminished  to  the 
standard  size  of  canal-locks)  cost  but  a  fraction  of  the  sum  estimated 
for  those  of  the  proposed  plan,  and  where  they  will  be  in  perfect  security. 
Against  this  economy  must,  however,  be  set  off  the  increased  cost  ot 
building  a  canal-trunk  on  very  difficult  ground,  and  of  driving  numer- 
ous tunnels. 

In  the  initiation  of  a  route  presented  as  a  great  national  measure  to  be 
undertaken  by  the  Government  for  accomplishing  objects  which  the 
board  concurs  with  the  warmest  advocates  in  attributing  to  this,  there 
should  be  no  doubtful  element,  nor  should  the  increased  cost  be  any 
objection  to  the  fixing  of  the  whole  project  on  its  proper  basis.  The 
plans  presented  for  the  preparation  of  these  rivers  for  lock  and  dam 
navigation  by  steamboats  and  tows  are  avowedly  incomplete,  and  the 
estimate  not  presented  as  accurate.  Their  modification  by  the  adoption 
a«  a  basis  of  an  independent  canal,  in  conjunction  with  the  adaptation 
of  the  locks  and  canal  section  to  the  proposed  traffic,  may,  and  proba- 
bly will,  increase  the  cost  beyond  the  highest  sum  mentioned  in  the 
general  report  of  the  board.  In  saying  this  I  am  not  to  be  understood 
as  dissenting  from  the  board  as  to  the  ^equacy  of  the  estimates  on  the 
basis  on  which  they  are  made. 

Bespectfnlly  submitted. 

J.  G.  Barnard, 
Colonel  of  Engineers  and  Bvt.  Maj.  Oen.  V,  S.  A. 

New  York,  March  28, 1874. 


NOTE  CONCERNING  WATER  CONSUMPTION  AND  SUPPLY. 

I.  Consumption. — The  portion  of  the  line  to  be  supplied  from  the  sum- 
mit-level is  that  stretching  from  Covington  to  the  Greenbrier,  and  this 
leugthj  exclusive  of  the  tunnelj  is  21.9,  or,  in  round  numbers,  22  miles. 

G^ie  maximum  lift  of  any  locks  (which  governs  the  calculation)  is  14 
feet.  For  single  locks  Colonel  Abert,  in  his  exhaustive  treatment  of 
this  question,  says  two  locksful  per  boat  should  be  allowed  for  passage 
of  summit.  For  double  locks  on  the  Erie  nearly  one  and  a  half  are  actually 
consumed. 

As  the  above  number  of  boats  is  (for  single  locks)  excessive,  however, 
I  retain  the  computation  at  1^,  and  we  require  for  lockage  10,080,0J0 
per  day =7,000  per  minute. 

On  the  Erie  Canal,  of  almost  identical  oectiony  filtration  and  evaporation 
consume,  as  tested  by  observation  on  the  Jordan  level,  lifteen  miles 
long,  200  cubic  feet  per  minute.  Hence,  for  22  miles,  6,336,000  cubic 
feet  per  day =4,400  per  minute. 

Leakage  at  lock-gates^  double  locks  at  two  extremities  of  the  Jordan 
level  on  the  Erie  Canal,  (one  lock  7  feet  on  ^  feet  lift,  width  18  feet,)  is 
3,000  cubic  feet  per  minute. 

Our  locks  are  single,  but  they  have  twice  the  lift,  and  they  are  one- 
ninth  wider.  It  is  rather  within  limits  to  allow  the  same,  4,320,000 
cubic  feet  per  day =3,000  cubic  feet  per  minute. 

There  are  other  causes  of  waste,  (see  Colonel  Abert's  report,)  which,  on 
the  Brie,  are  estimated  at  900  feet  per  minute  for  this  level.  I  will  as- 
sume 500  feet^  hence,  for — 
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Waste  at  strtiotures,  720,000  cubic  feet  per  day=500  cubic  feet  per 
minute.  Total,  21,456,000  cubic  feet  per  day =14,900  cubic  feet  per 
minute. 

Now  it  is  not  certain  that  the  tunnel  will  consume  no  water,*  and  the 
feeder  from  the  dam  on  Greenbrier  will  certainly  consume  a  great  deal. 
(See  Colonel  Abert's  report.)    Hence  it  would  be  better  to  assume  as — 

Total  required,  25,000,000  cubic  feet  per  day=17,360  cubic  feet  per 
minute. 

II.  Water-supply. — The  total  discharge  of  Anthony's  Creek  for  the 
twelve  months  commencing  Jnly  1,  1851,  was  found  by  Mr.  Lorraine 
to  be  5,670  millions  of  cubic  feet;  the  area  of  the  ba^in  one  hundred 
and  two  square  miles,  showing  an  actual  drainage  of  two-thirds  the 
usual  rain-fall  of  36  inches,  and  more  than  two-thirds  the  rain  as 
ganged  during  these  twelve  months,  (34^  inches.)  The  proposed  reser- 
voir will  contain  4,806  millions  of  cubic  feet;  and  as  a  daily  evapora- 
tion of  i  inch  fi*om  its  surface  is  allowed  for  900  millions,  it  will  practi- 
cally store  all  the  available  drainage  of  the  basin.  The  total  annual 
discharge  of  the  Greenbrier  can  be  only  inferred  from  the  area  of  its 
drainage-basin ;  and  this,  from  imperfection  of  maps,  can  be  but  rudely 
approximated  to.  It  is  probably  fodr  to  five  times  that  of  its  tributary, 
Anthony's  Creek ;  t.  e.,  its  drainage  should  be  twenty-two  and  a 
half  to  twenty-eight  thousand  millions  of  cubic  feet,  the  smallest  of 
which  numbers  greatly  exceeds  the  contents  of  Mr.  Ellet'S  proposed 
Meadow  Biver  reservoir.  How  much  of  this  drainage  may  be  gath- 
ered and  utilized  for  the  one  hundred  and  twenty  days  of  summer,  over 
and  above  the  actual  discharge  of  the  river,  (estimated  by  Mr.  Hutton 
at  8^  millions  of  cubic  feet  per  day  for  the  summer  months,)  can  only 
be  determined  by  survey.  Although  McNeill  says  that  the  Greenbrier 
Valley  is  "admirably  adapted  to  reservoirs,''  (he  had  in  mind  compara- 
tively SQiall  ones,)  a  glance  at  Mr.  EUet's  description  and  map  of  the 
Meadow  Kiver  reservoir  suffices  to  show  that  no  such  topography  ex- 
ists in  the  Greenbrier  Yalley,  and  that  it  would  be  hazardous  to  affirm 
that  one-third  of  its  drainage  (by  resort  to  numerous  small  reservoirs) 
could  be  collected,  t 

These  two  streams,  or  rather  the  Greenbrier  alone,  to  which  Anthony's 
Creek  is  but  a  tributary,  are  the  main  sources  of  water-supply  to  the 
summit;  but  it  would  seem  that  from  these  the  supply  could  be  readily 
doubled ;  and,  indeed,  much  more  than  doubled. 

Assuming  that  25  millions  per  day  (or  3,000  millions  for  120  days)  are 
required  for  the  canal,  and  2,232  millions  in  addition  for  the  Greenbrier 
slack-water  navigation,  (which  is  but  a  small  fraction  more  than  is  con- 
sumed in  the  estimated  lockages,)  and  the  total  contents  of  the  Antho- 
ny's Creek  reservoir,  added  to  the  summer  flow  of  the  Greenbrier,  is 
nearly  all  called  for  as  a  supply  for  the  project  now  presented.  A  reduc- 
tion of  such  unusual  "lifts"  as  14  feet  in  locks  drawing  from  the  sum- 
mit-level would  be  desirable.  Arrangements  of  locks  increasing  con- 
sumption cannot  safely  be  made  without  increasing  the  supply  arrange- 
ments ;  that  is,  by  constructing  other  reservoirs,  supposing,  as  I  do, 
that,  at  the  very  outset,  the  number  of  lockages  to  be  as  estimated. 

J.  Gt.  B. 

*  On  the  Illinois  Canal  deep  cats  throagU  stratified  rock  have  been  found  to  waste 
water  more  than  other  ejccayatious,  and  to  be  difficult  to  puddle. 

tit  is  possible,  perhaps,  though  no  one  reservoir  can  be  made,  that  by  a  costly  sac* 
cession  of  dams  and  reservoirs  along  the  main  valley,  the  whole  drainage  might  be 
gathered. 
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2. — Letter  to  the  Chief  of  Engineers  of  Mr.  Benj,  H,  Latrohe. 

United  States  Engineer  Office,  Army  Building, 

New  York,  March  19,  1874. 

General  :  The  joint  report  of  the  board  .expressing  the  views  which 
I  entertain,  in  common  with  my  colleagues,  upon  the  points  embraced 
in  the  instructions  under  which  we  are  acting  in  reference  to  the  pro- 
posed extension  of  the  James  Eiver  and  Kanawha  Canal  to  the  Oliio 
River,  I  have  only  to  offer  some  suggestions  as  to  the  mode  of  carrying 
the  work  into  effect  in  its  final  location  and  construction. 

In  stating  my  opinion  of  its  practicability  I  mean  to  express  my  belief 
that  its  cost  will  not  be  greater  than  the  objects  it  contemplates  will 
fully  warrant.  In  regard  to  the  dimensions  of  the  work  best  suited  to 
the  accommodation  of  the  trade  to  pass  over  it,  and  to  the  economy  of 
its  transportation,  I  see  no  reason  to  dissent  from  those  upon  which  the 
plans  and  estimates  of  Colonel  Craighill  have  been  founded.  I  will, 
however,  offer  a  suggestion  on  this  head  farther  on. 

As  respects  the  plans  of  the  different  structures,  viz,  the  dams,  locks, 
aqueducts,  culverts,  &c.,  they  appear  to  me  to  be  judiciously  designed. 

From  the  examination  I  have  made  of  the  prices  of  the  different 
classes  and  kinds  of  work,  I  believe  them  to  be  sufficient,  with  perhaps 
one  exception,  which  I  will  notice  in  its  place.  The  proposed  mode  of 
conducting  the  work  upon  the  enlargement  of  the  existing  canal  be- 
tween Eichmond  and  Buchanan  I  think  judicious — that  is,  to  retain  the 
present  locks  upon  the  part  near  Richmond,  where  the  local  trade  is 
heavy,  and  place  the  new  locks  alongside  of  them,  and  for  the  remainder 
of  the  distance  to  let  the  new  occupy  the  sites  of  the  old  locks,  where 
those  sites  are  the  best,  care  being  taken  to  suspend  the  business  of 
the  canal  for  as  short  a  time  as  pojjsible,  which  can  be  done  by  proper 
arrangements.  The  widening  and  deepening  the  canal  to  the  new  dimen- 
sions by  removing  deposits  in  it,  and  by  excavating  on  the  berme  side, 
and  raising  and  strengthening  the  present  towing-path  with  the  mate- 
rial, seems  also  the  best  manner  of  effecting  the  object,  although  at 
rocky  bluffs  it  may  be  better  to  extend  the  existing  embankment  out- 
ward to  a  greater  or  less  extent  as  the  particular  case  may  require. 

As  the  improvement  is  partly  to  consist  of  slack-water  and  partly  of 
canal,  I  think  that  the  latter  description  of  work  should  be  preferred 
wherever  it  will  not  involve  too  great  an  increase  of  cost.  From  such 
observation  as  I  was  enabled  to  make  upon  the  Greenbrier  and  New 
Rivers,  it  appeared  that  good  ground  for  a  canal  could  be  found  at  a 
number  of  points  and  should  be  availed  of.  The  dams  upon  these 
rivers,  as  projected,  are  of  necessity  high,  in  consequence  of  the  rapid 
fall  of  the  stream,  and,  however  well-built,  are  not  altogether  free  from 
danger.  They  should,  therefore,  be  reduced  to  the  smallest  number  con- 
sistent with  other  proper  considerations,  and  be  placed  at  no  points 
where  solid  rock  cannot  be  reached  Where  that  foundation  cannot  be 
bad,  I  would  advise  a  canal,  at  whatever  cost  it  would  be  attended  by, 
and  I  will  here  suggest  whether,  in  view  of  the  very  serious  difficul- 
ties of  construction  upon  parts  of  those  rivers,  and  especially  in  the 
can<^n  part  of  New  River,  approaching  the  Gauley  River,  it  would  not 
be  best  to  carry  the  canal  and  slack- water  improvement  of  the  dimen- 
sions proposed  for  the  part  of  it  east  .of  the  mouth  of  Howard's  Creek, 
down  those  rivers  to  a  point  a  little  below  the  Falls  of  Kanawha, 
and  make  the  transfer  from  barges  to  canal-boats  at  that  point.  The 
eost  of  this  transfer  will  be  the  same  at  whatever  point  it  may 
take  place,  while  the  locality  will  be  more  favorable  at  the  lower 
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point.  I  am,  of  course,  aware  of  the  reason  for  extending  the  barge  and 
steam-towing  system  as  far  east  as  may  be  judiciously  done.  At 
the  estimates  of  comparative  cost  of  freightage,  which  are  used  in  the 
report  of  Colonel  Oraighill,  it  would  seem  that  the  three  mills  per  ton 
per  mile  of  ftar^e-transportation,  and  3.6  mills  for  canal-carriage,  would 
make  for  the  one  hundred  and  fifteen  miles  from  the  mouth  of  Howard's 
Creek  to  a  point  a  mile  or  two  below  the  Falls  of  Kanawha  a  diflFerence 
of  7  cents  per  ton.  Such  a  difference  should  not,  of  course,  be  disre- 
garded, but  the  question  remains  open  whether  the  diff^erence  in  the 
cost  of  construction  and  maintaining  the  two  descriptions  of  improve- 
ment would  not  more  than  counterbalance  this  apparent  difference  in- 
the  cost  of  carriage.  It  is  certainly  necessary  to  keep  the  cost  of  con 
struction  always  in  view,  otherwise,  in  order  to  cheapen  transportation 
to  the  public  who  use  the  improvement,  an  amount  of  capital  might  be 
invested  in  it  too  large  even  for  the  resources  of  the  National  Govern- 
ment to  meet. 

If  a  canal  and  slack-water,  with  locks  of  half  the  dimensions  of  those 
required  for  the  barge  and  tug  system,  can  not  only  be  built  at  a  largely 
decreased  cost,  but  inaintained  too,  the  tolls,  which  are  an  important 
part  of  the  expense  of  carriage,  may  be  reduced,  even  if  they  are  in- 
tended to  be  no  higher  than  will  just  keep  the  work  in  repair.  Nor  can 
the  fact  that  the  Government,  upon  which  the  construction  of  the  line 
will  devolve,  may  not  look  for  interest  upon  its  cost,  render  that  point 
one  of  indifference,  as  the  more  dead  capital  it  has  on  hand  the  more 
the  people  must  be  taxed  in  one  form  or  other  for  its  support. 

This  consideration  may  possibly  be  regarded  as  remote  and  indirect, 
especially  as  the  part  of  the  country  most  urgent  for  new  channels  of 
cheap  transportation  would,  perhaps,  bear  but  a  small  proportion  of  such 
increased  taxation.  ^ 

As  I  believe  it  has  been  expected  by  the  board  that  I  would  give  some 
special  attention  to  the  summit-tunnel  as  one  of  the  most  marked  char- 
acteristics of  the  project,  I  will  now  submit  what  occurs  to  me  to  say 
upon  that  subject. 

Having  some  years  since,  in  a  letter  to  the  late  Mr.  Lorraine,  expressed 
my  entire  confidence  in  the  practicability  of  this  apparently  formidable 
feature  of  the  work,  I  have  nothing  to  recall  in  that  regard.  What  I 
saw  of  it  upon  the  ground  recently  made  it  assume,  indeed,  a  more 
favorable  aspect  than  before.  There  are,  however,  questions  open  in 
regard  to  its  location  which  have  already  claimed  the  attention  of  the 
board,  and  which  can  only  be  decided  by  additional  instrumental  sur- 
veys. The  suggestion  of  General  Barnard  as  to  a  change  in  the  location 
of  the  canal  east  of  the  summit,  so  as  to  make  it  approach  the  east  end 
of  the  tunnel  by  the  valley  of  Brush  Creek  or  Jerry's  Eun  instead  of 
the  valley  of  Fork  Kun,  is  fully  worthy  of  careful  examination,  which 
may  result  iii  showing  a  tunnel  of  little  if  any  greater  length,  with  a 
reduction  of  length  and  cost  in  the  canal  eastward  thereof.  This  would 
suppose  the  west  end  of  the  tunnel  to  remain  unaltered  in  position,  and 
to  debouch  upon  Howard's  Creek,  as  proposed  heretofore.  I  would  sug- 
gest, however,  that  the  summit-level  of  the  canal  be  raised  20  feet,  or 
by  two  10-foot  lift-locks,  at  the  west  end,  and  18  feet  by  two  9-foot  lift- 
locks  at  the  east  end,  which  would  allow  a  slope  in  the  whole  length  of 
the  tunnel  (of  7.8  miles)  of  two  feet,  or  at  the  rate  of  three  inches  per 
mile,  to  facilitate  the  delivery  of  the  water  eastward  from  the  feeder 
which  must  enter  at  the  west  end  of  the  level,  and  to  create  a  slight 
current  of  about  one  mile  per  hour  to  assist  the  loaded  boats  in  their 
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passage  eastward.  If  this  slope  is  considered  too  mncb,  it  may  be  reduced 
to  what  may  be  thought  better  to  suit  the  purpose  in  view. 

The  walls  and  gates  of  the  first  lock  at  the  east  end  w^ould,  of  course, 
require  to  be  of  2  feet  additional  height,  to  prevent  waste  at  the  first 
lock  when  boats  were  not  passing;  and,  as  the  canal  must  be  fed  mainly 
from  the  suihmit  as  far  as  Covington,  the  surplus  water  which  would 
flow  to  the  east  end  of  the  tunnel,  if  a  slope  were  given,  would  be  passed 
by  the  flumes  down  to  that  point,  to  maintain  the  supply  required  by 
filtration  and  evaporation  on  the  east  side  of  the  mountain,  where  this 
last  source  of  waste  will  be  somewhat  greater  than  on  the  west  side, 
owing  to  the  more  southern  exposure.  My  chief  reason  for  suggesting 
the  raising  of  the  summit-level  is  obviously  to  cheapen  the  cost  of  con- 
struction and  hasten  the  time  of  completion,  especially  at  the  west 
approach,  in  the  bed  of  Howard's  Creek,  where  1  apprehend  serious 
difficulty  would  be  met  in  the  excavations,  owing  to  the  depth  to  which 
the  bottom  must  be  reduced,  and  at  a  point  where  the  extreme  narrow- 
ness and  precipitous  character  of  the  ravine  would  make  it  almost  im- 
possible to  exclude  from  the  cutting  the  creek  when  swollen  at  all. 

I  have  drawn  upon  the  profile  what  I  would  propose  in  this  case,  and 
which,  from  such  calculations  of  quantities  as  I  have  been  able  to  make, 
I  estimate  will  effect  a  saving  of  about  $759,000  in  the  approach-cuts  at 
both  ends,  the  length  of  the  tunnel  remaining  the  same  as  before. 
Another  effect  of  raising  the  summit-level  the  proposed  20  feet  will  be 
felt  in  reducing  to  thatextent  the  depth  of  the  shafts,  and  in  cheapening 
their  construction,  and  the  hoisting  of  the  material  of  the  tunnel  through 
them,  by  about  $74,000,  the  aggregate  saving  equaling  $833,000.  From 
this  must  be  deducted  the  cost  of  constructing,  maintaining,  and  attend- 
ing four  locks,  estimated  at  equivalent  to  $147,0005  leaving  a  balance 
of  about  $686,000. 

This  additional  lockage  will,  indeed,  practically  lengthen  the  canal 
about  one  and  two  thirds  miles,  if  we  assume  a  speed  of  two  and  a  half 
miles  per  hour  and  10  minutes  to  pass  a  lock.  The  precise  value  of  this 
virtual  elongation  I  do  not  propose  to  estimate.  It  may  be  more  than 
enough  to  overbalance  the  advantages  of  the  saving  of  capital ;  but  we 
should  go  into  these  considerations  in  every  case  where  a  shortening  of 
distance  is  invited  if  we  do  it  in  this.  1  do  not  myself  perceive  why  the 
precise  elevation  of  1,700  feet  above  tide  should  be  chosen  more  than 
any  other  of  about  the  same  height,  while  I  fully  approve  the  great 
reduction  which  the  late  Mr.  Lorraine's  good  judgment  proposed,  and 
which  meets,  I  believe,  the  approval  of  the  entire  board. 

The  location,  plans,  and  estimates  before  us  are  entitled  to  the  utmost 
consideration  and  confidence,  yet,  as  the  gentlemen  who  have  presented 
them  freely  admit,  may  be  susceptible  of  advantageous  modification  in 
their  details  when  the  work  comes  to  be  laid  out  and  executed. 

Another  advant«age  of  raising  the  summit-level  would  be  felt  in  the 
conclusive  reason  it  would  afford  for  adopting  the  cut-off  line  at  the  bend 
first  above  the  mouth  of  Howard's  Creek,  where  the  cutting  would  be 
much  reduced,  and  about  a  third  of  a  mile  of  distance  saved  over  the 
line  around  the  bend,  reducing  the  loss  of  equated  distance  from  in- 
creased lockage  to  about  one  mile.  Tbe  creek  can  also  on  the  higher 
level  be  passed  under  the  canal  by  an  aqueduct  above  the  bend,  and  the 
locking-dowu  into  the  basin  at  the  i&reenbrier  River  be  made  after  pass- 
ing through  the  cut 

In  this  connection,  I  would  suggest  whether  it  would  not  be  better  to 
move  the  feeder-dam  upon  the  Greenbrier  from  where  it  appears  to  be 
placed  upon  the  map  down  to  the  point  which  I  have  marked  A  thereon, 
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and  where  there  would  appear  to  be  probably  a  good  ledge  foaodation, 
jadging  from  the  bluff  at  that  point.  The  dam,  if  placed  here,  would 
of  course,  be  much  higher  and  more  costly  than  if  located  at  the  upper 
site,  as  it  would  feed  a  20-foot  higher  summit-level,  and  the  bed  of  the 
river  is  probably  5  or  6  feet  lower,  so  as  to  make  the  dam  some  35 
feet  high.  The  pool  which  would  be  formed  as  a  storaje-reservoir 
would  probably  more  than  compensate  the  increased  cost.  About  a  mile 
in  length  of  the  feeder  would  be  saved  upon  bad  ground.  A  tunnel  of 
about  900  feet  long,  and  a  section  of  15  by  10  through  the  point  of  hill 
at  the  mouth  of  Howard's  Creek,  would  save  a  third  of  a  mile  more  of 
difficult  ground,  the  entire  saving  of  length  of  feeder  also  promoting 
economy  of  water. 

It  is  proper  I  should  say  here  that  if  General  Barnard's  suggestion  of 
a  location  of  the  main  tunnel  which  would  make  it  debouch  directly 
on  the  Greenbrier  Eiver  should  be  found  to  be  preferable,  then  the 
preceding  proposal  to  raise  the  summit-level  may  lose  its  force,  as  How- 
ard's Greek  in  that  case  would,  at  the  point  of  crossing  it,  be  far  above 
the  level  of  the  tunnel,  and  thus  entirely  out  of  the  way.  The  length 
of  the  main  tunnel  would,  however,  in  that  event  be  increased  upward 
of  a  mile,  and  the  shafting  toward  its  westeru  end  be  perhaps  separated 
too  widely  for  the  earliest  completion  of  the  work. 

I  submit  some  diagrams  showing  three  different  forms  which  the 
tunnel  may  be  made  to  assume,  the  notes  upon  which  will  make  their 
relative  cost  appear,  leaving  their  relative  advantages  to  be  discussed. 
If  expense  of  construction  is  to  have  the  consideration  usually  given  to 
it,  and  the  reasons  for  a  restriction  of  outlay  of  capital,  at  first  at  least 
and  until  the  trade  fully  develops  itself,  are  to  prevail,  my  opinion 
is  that  the  single  tunnel,  with  passing-places  for  boats  at  every 
fourth  of  a  mile,  would  be  the  best  to  estimate  for.  I  doubt  whether 
the  rock  through  which  the  tunnel  will  probably  pass  w:ould  stand  with- 
out artificial  support  uixtil  it  could  be  arched,  if  driven  of  the  full  width 
of  52  feet  within  the  lining  or  57  feet  exterior  to  it,  which  width  in  the 
form  of  tunnel  proposed  would  be  necessary  for  but  a  short  length  of 
about  140  feet  at  the  recesses  in  each  quarter  of  a  mile.  If,  however, 
the  system  of  turn-outs  or  passing-places  be  rejected,  the  double  tunnel 
shown  on  the  plan  should,  except  so  far  as  resistance  to  traction  is  in- 
volved, have  the  preference  over  the  single  wide  tunnel.  In  comparing 
the  estimated  cost  of  the  several  plans,  I  have  used  the  prices  of  the 
report  of  Golonel  Graighill ;  although,  as  I  have  intimated  above,  I 
think  that  in  the  case  of  this  tunnel  they  should  be  increased,  in  view 
of  what  has  been  already  learned  of  the  cost  of  the  Hoosac  Tunnel  and 
of  the  contingencies  affecting  that  of  any  work  of  the  character  and 
extraordinary  magnitude  of  the  one  now  in  contemplation.  I  think  it, 
therefore,  prudent  (while  admitting  that  Colonel  Graighill  had  good 
data  for  his  own  estimate)  to  add  about  38^  per  cent,  to  the  price  per 
cubic  yard  of  excavation  and  30  per  cent,  to  that  of  masonry,  as  esti- 
mated in  the  report  of  Mr.  W.  K.  Hutton,  of  the  21st  January,  1871,  to 
Colonel  Graighill,  increased  by  the  addition  to  it  made  by  the  latter. 
This  estimate  of  $5  per  cubic  yard  for  excavation  and  $8  for  masonry 
in  the  tunnel  was  increased  10  per  cent,  for  contingencies  by  Mr.  Hut- 
ton  and  5  per  cent,  additional  by  Golonel  Graighill,  making  $5.77J  and 
$9.24  per  cubic  yard,  which  I  propose  to  make  $8  and  $12,  respectfvely. 
The  price  of  shaft-excavation,  $20  per  cubic  yard,  I  consider  quite 
sufficient. 

Applying  these  advanced  prices  to  the  quantities  given  by  the  single 
tunnel  of  31  feet  in  clear  width  and  similar  height,  with  recesses  every 
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qnarter  of  a  mile  for  passing  boats,  and  assuming  the  whole  length  of 
the  tannel  to  be  lined  with  masonry  instead  of  one-half  its  length,  a« 
previously  estimated,  and  including  the  cost  of  a  towing-path  of  timber, 
we  will  have,  as  the  cost  of  such  a  tunnel,  7.8  miles  in  length,  $16,192,487, 
which  is  $884,914  more  than  the  previous  estimate  of  $15,307,573,  for  a 
tannel  of  a  uniform  width  of  52  feet  in  the  clear.  The  narrower  tunnel 
can  be  widened  hereafter  without  interfering  with  its  continued  use  to 
the  same  width  of  52  feet,  (which  it  is  designed  to  be  at  the  recesses,) 
whenever  the  demands  of  the  trade  may  require,  or  should  another  tun- 
nel be  constructed  alongside  of  it,  the  work  can  be  executed  at  much, 
reduced  cost  compared  with  the  first,  using  the  original  tunnel  for  re- 
moval of  the  material  through  cross-connecting  galleries,  and  boats  upon 
the  canal. 

The  timber  platform  is  preferable  to  a  solid  one  for  the  towing-path,  as 
it  enlarges  the  cross-section  of  the  canal  by  allowing  a  free  flow  of  the 
water  within  the  wood-work,  and  so  reduces  the  resistance  to  traction, 
while  it  is  of  cheap  construction  and  readily  repaired.  Should,  how- 
ever, as  is  highly  probable,  steam-power  be  used  on  the  canal  instead 
of  animal,  the  towing-i)ath  may  be  omitted,  with  an  estimated  saving 
of  $123,000. 

The  estimated  cost  of  the  whole  work  may  now  be  summed  up,  taking 
Mr.  Turpin's  estimate  for  the  two  hundred  and  sixty-one  miles  from 
Eichmond  to  the  mouth  of  Fork  Kun,  and  Mr.  Button's,  thence  to  the 
Ohio  River,  with  Colonel  Craighill's  addition  for  contingencies,  substi- 
tuting only  the  estimate  just  offered  by  myself  for  the  summit-tunnel, 
in  place  of  the  previous  one. 

From  Richmond  to  the  moath  of  Fork  Run,  261  miles $14, 781, 644 

From  month  of  Fork  Run  to  mouth  of  Howard's  Creek,  exclusive  of  tun- 
nel, 12.6  miles 2,124,662 

Tannel,  including  towing-path  of  timber,  and  with  (7.8  miles  included  in 
the  above  12.6  miles)  passing-places  for  boats  each  one- fourth  of  a  mile    16, 192, 487 

Feeder  and  Anthony's  Creek  reservoir 497,129 

From  mouth  of  Howard's  Creek  to  Lyken's  Shoals,  Greenbrier  and  New 

Rivers,  116.5  miles 14,567,895 

*  From   Kanawha  River,  Ly ken's  Shoals,  to  Point  Pleasant,  including 
Meadow  River  reservoir,  85.1  miles 1,071,290 

Total  Richmond  to  Point  Pleasant,  475.2  miles 49,235, 107 

To  which  add  amount  allowed  by  Colonel  Craighill  upon  the  estimates  of 
Messrs.  Turpin  and  Hutton,  for  contingencies 2, 377, 738 

51,612,845 
If  the  summit-level  be  raised  20  feet,  deduct 686,000 

Leaving 50,926,845 

And  if  the  Richmond  dock  and  lock  is  deducted  on  the  ground  that  it 
should  be  built  by  that  city 1,300,000 

The  aggregate  cost  of  the  work  would  then  be 49, 626. 845 

This  estimate  should,  in  my  opinion,  prove  sufficient  if  the  work  be 
judiciously  conducted,  tlie  heavier  parts  being  first  got  under  way  and 
the  lighter  ones  from  time  to  time  thereafter,  so  as  not  to  make  too  sud- 
den demands  upon  the  capital  and  labor  of  the  country,  with  due  regard 
to  which  consideration  the  work  may  still  be  completed  within  six  years. 

I  have  been  confirmed,  since  submitting  the  first  part  of  the  preced- 
ing remarks,  in  the  opinion  that  it  will  be  best  to  extend  the  canal  and 

*This  estimate  is  for  an  open-dam  improvement  of  the  Kanawha  River,  as  proposed 
by  Mr.  Lorraine.  Should  an  ordinary  lock  and  dam  system  be  adopted,  about  one 
million  dollars  would  be  added  to  the  estimate. 
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slack-water  system  proposed  for  the  liue  east  of  the  Greenbrier  River^ 
to  the  Kanawha  below  the  falls,  in  which  case  the  present  estimate  for 
that  part  of  the  work  should  be  so  much  more  than  saffioient  to  com- 
plete it  upon  the  smaller  scale,  as  probably  to  cover  the  additional  cost 
of  the  cut-off  tunnels  at  Big  Bend  and  Stretcher's  Neck,  with  a  saving 
of  upward  of  ten  miles  of  distance.  The  water-supply  would  also  be 
made  more  entirely  free  from  doubt,  even  should  the  breadth  of  the 
locks  be  enlarged,  as  suggested  by  a  member  of  the  board. 

That  double  locks  will  ultimately  be  required  by  the  demands  of  the 
trade,  there  can  be  little  question,  although  their  cost  may  be  omitted 
from  present  estimates,  and  the  addition  of  them,  upon  the  Greenbrier 
and  New  Rivers,  can  be  more  readily  made  on  the  smaller  than  the 
larger  scale. 

The  commercial  benefits  of  such  a  work,  to  the  country  at  large,  have 
been  fully  treated  by  my  associates,  and  indeed  appear  to  be  too  obvi- 
ous for  argument ;  but  it  is  not  less  clear  that  an  equally  effective  im- 
provement of  the  Ohio  River  must  go  hand  in  hand  with  it  in  order 
that  its  advantages  may  be  fully  realized. 

Respectfully  submitted. 

Benj.  n.  Latrobe. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engiiieers^  U,  8.  A. 


3. — Letter  to  the  Chief  of  Engineers  of  Oeneral  Q,  A,  Oilbnore. 

'    Engineer  Office,  Army  Building, 

New  York,  March  19,  1814. 

General  :  I  have  the  honor  to  submit  below  my  individual  opinions- 
upon  some  features  of  the  James  River  and  Kanawha  Canal  project,  not 
embraced  in  the  general  report  of  the  board  appointed  to  examine 
that  subject,  or  not  treated  there  with  that  fullness  which  I  wish  to  give 
them. 

The  board  has  expressed  its  unanimous  approval  of  the  project  as  a 
whole,  recognizing  its  commanding  national  importance  and  it«  entire 
practicability,  reserving  divergencies  of  opinion  among  its  members 
upon  points  of  detail,  for  separate  individual  reports. 

The  project  contemplates  a  water-line  connecting  the  Ohio  and  James 
Rivers,  assumed  to  be  capable  of  carrying  9,720,000  tons  annually  both 
ways,  of  which  7,500,000  tons  would  comprise  the  through  and  way 
freight  going  East. 

I  am  convinced,  from  the  examination  which  I  have  been  able  to  give 
the  subject,  that  the  line  will  attract  a  much  larger  amount  of  tonnage 
than  it  can  possibly  carry,  even  if  its  capacity  should  prove  to  be  as 
great  as  that  claimed  for  it.  I  therefore  respectfully  invite  attention  to 
the  following  remarks  upon  its  commercial  importance,  and  the  deduc- 
tions drawn  therefrom. 

The  commercial  importance  of  this  line  may  be  considered  first,  with 
respect  to  the  development  and  distribution  of  the  mineral  wealth  of  the 
States  of  Virginia  and  West  Virginia;  ^nd,  secondly,  ui  respect  to  its 
fitness  for  supplying  the  growing  demand  for  cheap  transportation  east- 
ward, for  the  surplus  products  of  the  West. 

1.  The  distribution  of  the  mineral  wealth  of  Virginia  and  West  Virginia, 

The  manufacture  of  iron  and  salt,  and  the  mining  of  iron-ore  and  coal,. 
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are  the  principal  and  most  important  local  interests  capable  of  very 
large  development  and  giowth  in  this  region.  They  only  await  the 
means  of  prompt  and  economical  conveyance  and  delivery  of  their  pro- 
ductions to  market,  in  a  fixed  time  and  at  a  fixed  price,  in  order  to  spring 
at  once  into  industries  of  vast  dimensions  and  influence.  To  secure  this 
result  a  direct  and  unbroken  line  of  water-transportation  is  conceded  by 
all  to  be  essential. 

At  the  present  time,  one  single-track  railroad,  the  Chesapeake  and 
Ohio,  traverses  this  region,  having  its  termini,  one  on  the  tide-water  at 
Richmond,  and  the  other  on  the  Ohio  Eiver  about  forty  miles  below  the 
mouth  of  the  Kanawha,  while  the  James  River  and  Kanawha  Canal, 
running  westward  from  Richmond  up  the  valley  of  James  River,  stops 
at  the  eastt^m  base  of  the  Alleghany  Mountains,  and  is  therefore  entirely" 
destitute  of  any  commercial  significance  whatever. 

The  coal  and  salt,  all  west  of  the  AUeghanies,  find  for  about  seven 
months  of  the  year,  on  the  shallow  waters  of  the  Kanawha  and  Ohio 
Rivers,  an  inadequate,  uncertain,  and  frequently  interrupted  means  of 
reaching  the  only  available  markets  in  the  West;  while,  with  the  ex- 
ception of  the  cannel  coal,  which  constitutes  but  a  small  fraction  of  the 
whole,  and  is  the  only  variety  possessing  sufficient  value  to  bear  long 
railroad-freights,  they  are  entirely  excluded  from  the  eastern  markets. 
The  vast  mineral  wealth  of  the  Kanawha  Valley,  therefore,  lies  practi- 
cally idle  and  useless. 

The  inadequate  facilities  for  conveying  it  West,  repel  capital,  while 
the  Atlantic  States  are  not  only  deprived  of  all  direct  participation  in 
its  use,  but  lose  the  benefits  of  the  competitive  prices  which  its  presence 
among  them  in  certain  and  regular  supplies  would  create. 

The  assumption  is  not  without  many  intelligent  advocates,  that  local 
interests  alone  are  of  sufficient  magnitude  to  render  this  water-line  re- 
munerative, and  therefore  to  justify  its  construction ;  that  with  cheap 
transportation  from  the  Lower  Kanawha  to  tide-water  once  established, 
this  dormant  mineral  wealth,  the  iron-ores  of  Virginia  and  the  coal-beds 
and  salt-springs  of  the  Kanawha  Valley,  to  say  nothing  of  the  vast 
forests  of  valuable  timber,  and  the  products  of  agriculture,  would  be 
of  such  intrinsic  worth  as  to  attract  and  fix  the  capital  necessary  for  its 
conversion  into  articles  of  trade  and  commerce;  and  that  it  exists  in 
sufficient  abundance,  not  only  to  require  the  constant  employment  of 
all,  or  nearly  all,  of  the  carrying  capacity  of  the  proposed  canal,  but  also 
to  exert  a  powerful  influence,  proportionate  to  its  magnitude,  upon  ruling 
prices  in  the  great  distributing-markets  of  the  country. 

In  this  aspect  the  question  of  constructing  this  line  assumes  a  national 
importance,  independent  of  its  functions  as  a  conveyor  of  western  produc- 
tions to  the  tide-waters  of  the  Atlantic,  for  domestic  and  foreign  con- 
sumption. 

In  his  testimony  before  the  "Senate  Transportation  Committee," 
October  24, 1873,  concerning  the  local  trade  which  the  line  would  com- 
mand. Prof.  David  T.  Anated,  of  England,  a  mining  engineer  and  geol- 
ogist of  extensive  research  and  experience,  makes  the  following  state- 
ment, as  the  result  of  personal  knowledge  and  investigation : 

With  regard  to  the  quantity  of  minerals  which  would  have  to  be  carried  over  such 
lines  of  water-communication,  I  can  safely  say,  from  my  kuowlod^re  of  the  subject  in 
various  ways,  that  it  would  be,  alone,  sufficieut  to  justify  the  construction  of  the  canal , 
at  tl)e  cost  at  which  it  has  been  placed,  (^50,000,000.) 

A  brief  description  of  the  locality  and  extent  of  these  mineral  deposits 
will  not  be  out  of  place  in  this  connection.    For  more  detailed  informa- 
ion,  reference  may  be  made  to  various  geological  reports. 
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THE  IRON-ORES  OF  VIRGINIA. 

Professor  Ansted's  opinions  of  these  iron-fields,  based  upon  personal 
examination,  condensed  from  bis  testimony  before  the  "  Senate  Trans- 
I)ortation  Committee,"  are  as  follows : 

''I  find  upon  the  line  of  this  proposed  communication  one  of  the  most  remarkable 
iron-fields  that  exists  upon  any  part  of  the  world  as  at  present  known.  It  contains 
every  variety  of  the  most  valuable  ores,  and  these  ores  are  distributed  in  such  a  man- 
ner as  to  be  more  accessible  than,  I  think,  in  any  other  district.  These  ores  extend 
over  a  wide  ran^e  of  country,  ranging  from  east  to  west,  intersected  nearly  at  right 
angles  by  the  railroad,"  [and  also  by  the  line  of  the  proposed  canal.]  "  They  include 
the  most  valuable  of  all  the  known  iron-ores — magnetic  oxide.  They  include  a  very 
large  quantity  of  the  red  hematite,  a  very  large  quantity  of  the  peculiar  ore  known 
here  as  the  fossil-ore,  which  is  exceedingly  valuable  for  iron-making ;  a  very  lai^ge 
quantity  of  brown  hematite,  and  I  believe  other  ores,  which  I  have  not,  however, 
seen  in  very  great  abundance.  But  these  are  quite  sufficient  to  justify  what  I  have 
said  with  regard  to  the  value  of  the  district  for  iron  production.  These  iron-ores  exist 
in  a  belt  beginning,  I  believe,  about  the  position  of  Charlottesville,  or  perhaps  a  little 
east  of  that  on  the  line,  and  they  terminate,  so  far  as  I  know,  a  little  on  the  western 
side  of  Stannton,  certain  of  the  groups  being  found  on  the  eastern  side  of  the  Blue 
Ridge,  and  others  between  the  Blue  Ridge  and  the  AUeghanies."  [This  belt  is  about 
seventy  miles  wide  along  the  line  of  the  proposed  canal.]  ^' With  regard  to  the  win- 
ing of  the  iron-ores,  that  can  be  done  at  a  cost  below  the  price  of  mining  similar  ores 
in  any  part  of  the  world  which  I  have  ever  visited.''  [Professor  Ansted  had  previously 
stated  that  he  '^  had  been  accustomed  to  visit  different  coal-fields  and  iron-fields,  espe- 
cially in  all  parts  of  Europe,  and  in  some  parts  of  Asia  and  America,  and  that  he  had 
been  occupied  in  practicing  engineering  as  connected  with  geology  for  the  last  twenty- 
eight  years."]  "  The  ridges  ot  ore  stand  up  out  of  the  ground,  tuey  have  in  fact  kept 
up  the* hills  while  the  country  around  has  been  removed,  and  all  that  has  to  be  done 
is  to  run  a  tunnel  into  the  hill-side,  tap  the  lode  as  it  comes  down,  and  remove  it  from 
below,  and  bring  it  down.  The  quantity  of  ore  which  exists  in  this  way,  which  I  have 
seen,  is  very  large  indeed,  and  the  quantity  that  exists  in  different  parts  of  the  coun- 
try, which  i  have  not  seen,  I  have  every  reason  to  believe  is  enormously  large.  The 
mining  for  ore  in  that  district  could  be  done  at  the  very  smallest  possible  cost.  It  has 
the  greatest  advantages  of  position." 

In  answer  to  the  question,  ^'  How  would  the  cost  in  this  region  com- 
pare with  the  cost  of  the  manufacturing  of  iron  abroad!"  Professor 
Ansted  replied  that  '^  the  cost  of  the  manufacturing  of  the  best  quali- 
ties of  iron  which  ought  to  be  made  from  ores  of  such  very  high  values 
would  not  be  much  more  than  one-half,  at  the  present  prices  of  labor 
here.  The  actual  cost  of  making  Bessemer  steel,  for  instance,  would 
be  considered  below  half  the  cost  in  any  part  of  England  at  the  present 
time.'' 

These  emphatic  views  of  a  scientist  eminent  in  his  profession,  and  of 
long  and  varied  experience  as  an  expert,  have  never  been  questioned. 
On  the  contrafy,  they  have  been  fully  concurred  in,  without  dissent,  by 
all  intelligent  investigators  into  the  mineral  resources  of  the  region 
under  consideration. 

There  is  no  room  for  doubt  that  the  line  of  the  proposed  canal  be- 
tween the  eastern  base  of  the  Blue  Kidge  and  the  summit  of  the  AUe- 
ghanies  passes  in  close  proximity  to  vast  and  numerous  beds  of  iron- 
ore,  unsurpassed  in  richness  and  in  the  facilities  with  which  it  can  be 
mined  and  delivered  to  boats. 

THE   COAL-FIELDS  OF  WEST   VIRGINIA. 

The  coal-fields  of  West  Virginia,  occupying  the  region  traversed  by 
the  New,  the  Gauley,  the  Kanawha,  the  Guyandotte,  and  the  Big  Sandy 
Rivers,  and  their  numerous  tributaries,  for  many  miles  on  either  side  of 
the  main  streams,  are  among  the  most  remarkable  in  the  world ;  cer- 
tainly, much  the  most  remarkable  in  America.    It  is  here,  according  to 
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tbe  concurrent  testimony  of  experts  in  geology,  that  the  veins  of  bitu- 
minons  coal,  found  upon  the  entire  western  slope  of  the  Appalachian 
chain  of  mountains,  exhibit  their  maximum  aggregate  thickness. 

Geologists  also  claim  that  these  coal-lields  are  superior  to  those  of 
Great  Britain  or  Pennsylvania,  and  are  indeed  the  finest  in  the  world  ; 
that  the  cayinelco^l  of  this  region  is  fully  equal  to  the  best  English  or 
Nova  Scotia  cannel,  and  is  most  valuable  for  making  gas ;  that  the  ordi- 
nary bituminous  coal  is  in  every  respect  as  good  as  that  mined  in  Penn- 
sylvania 5  and  that  the  Kanawha  splint  coal  possesses  every  requisite 
excellence  for  smelting  iron-ores  without  coking.  Experience  in  the 
use  of  these  several  varieties  of  coal,  for  manufacturing  and  domestic 
purposes,  has  fully  confirmed  these  views.  The  Kanawha  and  New 
Kiver  coal-seams  are  both  thicker  and  more  numerous  than  those  on  the 
Monongahela,  those  of  the  splint  and  the  bituminous  varying  from  4  feet 
to  11  feet  in  thickness,  and  those  of  the  cannel  from  2J  to  5,  or  even  5J, 
feet  in  thickness. 

Mr.  Thomas  S.  Ridgway,  formerly  of  the  geological  survey  of  Vir- 
ginia, made,  in  1872,  a  geological  report  to  the  Chesapeake  and  Ohio 
Eailroad  Company,  which  passes  through  the  coal  region  side  by  side 
with  the  proposed  water-line.  After  describing  the  seams  of  coal  which 
crop  out  on  the  banks  of  the  IS'ew  and  the  Kanawha  Rivers,  and  several 
tributaries  of  the  latter,  some  of  which  are  now  being  worked,  the 
report  upon  the  coal-beds  closes  as  follows : 

The  lower  coal-measures,  which  I  have  just  described  iu  detail,  are  comprised  in 
tweuty-foiir  seams,  eleven  of  which,  containing  an  aggregate  thickness  of  51  feet,  are 
workable.  The  pick  and  shovel  may  disclose  new  beds  in  addition.  Any  attempt  to 
estimate,  by  calculation,  the  amount  of  coal  contained  within  a  given  number  of  miles 
of  your  road  would  be  futile.  Without  deeming  it  necessary  to  resort  to  a  trigono- 
metrical survey  of  even  a  small  portion  of  the  field,  it  is  quite  obvious  that  there  are 
above  the  water-level,  between  Big  Sewell  Mountain  and  Charleston,  within  five  miles 
on  either  side  of  the  line  of  your  road,  thousands  of  millions  of  tons.  The  same 
seams  could  of  course  be  reached  by  pits  of  moderate  depth  between  Charleston  and 
Huntington,  and  the  amount  of  coal  available  from  West  Virginia  is  incalculably 
large ;  sufiScient,  allowing  for  a  normal  ratio  of  increase  in  consumption,  to  supply  the 
western  market  for  a  thousand  years  to  come. 

The  impracticability  of  sending  the  coal  by  rail  to  tide- water  to  sup- 
ply the  eastern  markets  is  here  recognized. 

The  tract  of  country  specially  referred  to  by  Mr.  Eidgway,  "between 
Big  Sewell  Mountain  and  Charleston,"  about  fifty  miles  long  and  ten 
wide,  does  not  comprise  one-half  the  area  of  the  best  coal-lands.  It  is 
traversed  midway  throughout  its  entire  length  by  the  proposed  water- 
liue,  by  means  of  either  canal,  slack- water,  or  sluice  navigation  of  the 
New  and  the  Kanawha  Eivers.  The  several  workable  seams  of  coal  are 
horizontal,  or  nearly  so,  and  are  separated  from  each  other  by  various 
kinds  of  rock.  The  coal  crops  out,  not  only  upon  both  banks  of  the 
]S^ew  and  Kanawha  Eivers,  but  al^o  up  Gauley  Eiver,  Coal  Eiver,  Paint 
Creek,  Cabin  Creek,  Armstrong  Creek,  and  other  tributaries,  thus  af- 
fording extraordinary  natural  advantages  for  mining  and  delivery  to  the 
main  line.  The  aggregate  thickness  of  these  parallel  workable  seams, 
that  is,  seams  located  above  the  level  of  High  Eiver,  varies  in  different 
localities  from  30  feet  to  70  feet,  and  the  estimate  that  "  there  are  thou- 
sands of  nrillions  of  tons'*  within  a  distance  of  five  miles  on  either  side 
of  the  proposed  line  between  Charleston  and  Big  Sewell  Mountain  is 
certainly  no  exaggeration.  Indeed,  assuming  that  all  the  available  coal- 
seams  convenient  to  the  route  lie  within  this  narrow  strip,  which  we 
know  is  not  the  case,  and  that  the  coal  covers  but  one-half  of  this  area, 
the  other  half  having  been  swept  away  during  the  process  of  forming 
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valleys,  caiions,  and  mountain  gorges;  and  assuming,  furthermore,  that 
the  aggregate  thickuess  of  the  seams  is  only  27  feet,  or  2  feet  less  than 
the  lowest  ascertained  thickness,  the  workable  beds  would  still  contain 
about  7,000,000,000  tons  of  coal  within  five  miles  of  the  water-line,  an 
amount  sufficient  to  tax  to  its  utmost  limit  the  entire  carrying  capacity 
of  the  enlarged  canal,  estimated  at  9,720,000  tons  per  year,  to  the  ex- 
clusion of  all  other  freight,  for  a  period  of  seven  hundred  years. 

But  this  estimate  does  not  really  include  a  fourth  part  of  the  coal 
known  to  exist  above  the  water-level  in  workable  seams  within  conven- 
ient reach  of  the  proposed  line.  For  it  has  been  fully  ascertained  by 
the  investigation  of  geologists,  and  by  numerous  openings,  that  the  can- 
wcZ-producing  region  of  West  Virginia,  in  which  the  seams  attain  their 
gieatest  aggregate  thickness  and  the  coals  their  best  quality,  actually 
covers  an  area  of  over  one  thousand  three  hundred  square  miles,  in  a 
belt  about  sixty  miles  long,  lying  northeast  and  southwest,  and  twenty- 
two  miles  wide  at  right  angles  to  this  line.  It  is  estimated  by  geologists 
and  surveyors  that  upon  about  one  fourth  of  this  area,  or  three  hundred 
and  twenty-five  square  miles,  much  of  the  coal  is  wanting  in  the  valleys 
and  gorges,  and  that  it  has  an  aggregate  average  thickness  of  50  feet 
over  the  other  nine  hundred  and  seventy-five  square  miles.  Professor 
Ansted  places  the  thickness  as  high  as  60  to  70  feet  above  the  water- 
level.  But,  assuming  the  thickness  at  only  45  feet,  this  region  would 
furnish  43,000,000,000  tons  of  coal,  equal  to  43,000,000  tons  per  year  for 
one  thousand  years,  all  above  the  water-line,  and  all  easily  reached  by 
short  lines  of  narrow-gauge  roads  and  slack-water  navigation  up  the 
numerous  valleys  and  tributaries  which  pierce  this  section  in  all  direc- 
tions. 

The  foregoing  estimate  is  not  conjectural.  It  includes  only  such 
coals  as  are  in  convenient  proximity  to  the  proposed  water-line  which 
will  traverse  this  region  east  and  west  along  the  New  and  Kanawha 
Rivers,  dividing  it  into  two  nearly  equal  parts,  and  cutting  the  coal- 
seams  to  their  very  base.  The  total  coal  production  of  the  world  for 
the  year  1872  amounted  in  round  numbers  to  227,768,000  tons.  Of  this 
amount  there  were  produced  bv  Great  Britain  120,000,000  tons,  and  bv 
the  United  States  44,000,000  tons. 

The  United  States  doubled  her  production  in  seven  years,  (from  1865 
to  1872,)  while  Great  Britain  in  eight  years  (from  1864  to  1872)  did  not 
increase  her  coal  production  quite  So  per  cent. 

At  the  same  rate  of  increase  the  amount  of  coal  that  will  be  mined  in 
the  United  States  by  the  time  the  proposed  water-line  will  be  completed 
if  begun  during  the  present  year,  or,  say,  by  the  vear  1880,  will  be 
100,000,000  tons. 

What  portion  of  this  vast  prospective  supply  would  be  at  once  drawn 
from  the  Kanawha  coalfields,  if  a  method  of  cheap  transportation  were 
provided  for  it,  whether  one-tenth,  one-eighth,  one-fifth,  or  more,  I  will 
not  undertake  to  estimate.  I  should  say,  however,  that  one-tenth,  or 
10,000,000  per  year,  w^ould  be  a  low  estimate. 

These  coals  will  be  able  to  replace,  to  a  great  extent,  those  sent  across 
the  Atlantic  from  England,  for  while  the  Kanawha  coals  can  be  delivered 
to  ocean-vessels  at  Kichmoud  for  $3  to  $3.15  per  ton,  after  paying  for 
mining,  delivery  to  barge,  and  one-half  cent  per  ton  per  mile  on  the  water- 
line,  the  English  coals  cannot  cross  the  ocean  at  all  without  paying  $3 
to  84  per  ton  for  ocean-transportation  alone. 

With  regard  to  the  quantity  of  coal  that  can  be  mined  annually  and 
delivered  to  boats  on  the  water-line,  all  testimony  concurs  in  represent- 
ing it  to  be  very  large,  on  account  of  the  peculiar  topography  of  the 
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country — a  contianed  succession  of  ridges  and  valleys — wbicb  affords 
a  multitude  of  outcrops. 

There  is,  of  course,  an  economic  limit  to  this  industry,  as  toallothers^ 
but  in  my  judgment  that  limit  could  not  be  reached  by  the  entire  car- 
rying capacity  of  the  proposed  line  for  a  thousand  years,  even  if  devoted 
exclusively  to  the  coal  business.    Professor  Ansted  says : 

There  are,  I  think,  aboat  twenty  distinctly  workable  seams  of  coal  in  the  middle  of 
the  district,  or  what  I  regard  as  the  middle  of  the  whole  scries  of  coal-bearing  beds. 
These  middle  beds  are  workable,  all  of  them,  above  the  water-line.  They  lie  almost 
horizontally,  and  are  capable  of  being  worked  at  a  cheaper  rate  than  any  coals  which 
exist  on  a  larger  scale  in  any  part  of  Europe.  There  is  no  reason  whatever  why  the 
coal  throughout  the  whole  of  this  district  should  not  be  obtained  at  a  cheaper  rate 
than  is  now  being  got  in  any  of  the  mines  in  Europe,  and  I  believe  I  may  say  in  any 
of  the  mines  of  America.  There  is  practically  no  difficulty  whatever —  no  power  re- 
qnired  to  lift  anything.  The  quantity  that  could  be  mined  is  very  large  indeed.  The 
mine  valley  of  the  Kanawha  is  a  deep  cut  in  the  great  deposit  of  the  carboniferous  beds» 
and  this  great  cut  is  intersected  at  intervals  by  cross-cuts  which  afterward,  almost 
without  exception,  become  more  or  less  parallel  with  the  main  line  of  the  valley.  In 
that  way  the  coal  is  cut  out  into  blocks  of  convenient  size,  accessible  generally  from 
two  or  three  sides,  and  that  facilitates  the  getting  to  a  ver^^  unusal  extent.  In  a  rough 
way,  I  can  say  that  the  average  quantity  of  coal  which  would  be  obtained  on  every  acre 
of  these  coal-lands  would  be  about  fifty  thousand  tons.  Forty  thousand  tons  per  acre 
would  not  be  at  all  an  unreasonable  estimate.  The  quantity  of  coal  that  will  be  re- 
quired in  America  within  a  comparatively  short  time  must  amount,  of  course,  to  mil- 
lions of  tons  per  annum.  I  believe  at  present  the  quantity  is  somewhere  about  tweuty 
millions.^  lu  England  we  are  now  mining  about  a  hundred  and  twentv  millions 
of  tons  per  annum.  There  can  be  no  doubt  whatever  that  the  general  coal-fields  west 
of  the  Alleghunies  will  have  to  supply  all  the  manufacturing  parts  of  America  before 
long. 

Professor  Ansted  further  states  that — 

The  railways  cannot  certainly  carry  the  quantity  of  coal  that  is  required,  and  the 
quantity  of  iron  that  will  be  required,  to  communicate  between  the  East  and  West  t 
•     It  will  be  absolutely  necessary  that  there  should  be  other  means  of  conveyance,  and 
of  all  the  means  of  conveyance  for  raw  materials,  or  minerals,  such  as  coal  and  iron- 
ore,  nothing  can  equal  water. 

The  canal  communication  from  east  to  west  seems  to  be  an  absolute  necessity  for 
this  district.    I  cannot  suppose  that  the  coal-field  can  be  properly  developed,  or  that  . 
the  iron-field  can  be  proi>erIy  open  and  worked,  with(Ait  such  water-communication 
beiug  completed. 

Professor  Ansted  also  expressed  the  opinion — 

That  the  price  of  the  best  West  Virginia  coals,  particularly  the  spliut-coals,  if  they 
could  be  sent  by  water  to  a  shipping-place  on  the  Atlantic,  would  beyond  all  doubt 
enable  the  coal-dealer  to  meet  all  foreign  competitors  in  the  coaling  stations  of  St. 
Thomas,  Jamaica,  and  other  islands,  aud  secure  a  permanent  demand  there,  and  that 
these  coals  would  certainly  be  preferred  in  the  various  South  American  ports. 

Mr.  Wm.  H.  Edwards,  president  of  the  Kanawha  and  Ohio  Coal  Com- 
pany at  Coalburg,  testified  before  the  Senate  Committee  on  Transpor- 
tation that  ^'  with  the  opening  of  the  proposed  water-line,  mining  would 
commence  on  all  our  creeks  and  all  along  the  river,  and  we  would  be 
equal  to  filling  any  demands  that  might  arise  on  the  seaboard." 

The  same  gentleman,  in  reply  to  certain  inquiries,  says,  under  date  of 
March  11,1874: 

Our  company  rained  in  1873  88,000  tons  of  coal.  If  the  water-line  were  completed,  and 
we  coold  send  the  coal  away  regularly  and  promptly,  we  could  easily  mine  150,000 
tons  per  year,  and  hundreds  of  such  companies  could  mine  and  deliver  15(^,000  tons  of 
coal  each,  if  there  was  a  market  and  sufficient  transportation ;  every  lot  of  500  acres 
could  sustain  one  such  company  wherever  the  splint-coal  is  found  and  accessihle.t 

•The  census  of  1870  Rives  the  producticm  for  year  ending  June  30,  1870, at 32,863,690 
tons.  More  recent  coal  statistics  give  the  productions  for  the  year  1872  at  44,156,261^ 
tons. 

t  Virginia  and  West  Virginia. 

t  Bplint'Coal  is  found  everywhere  iu  connection  with  other  coals  in  West  Virginia. 


Digitized  by  LjOOQ  IC 


108  REPORT   OF   THE   CHIEF   OF   ENGINEERS. 

Dr.  John  P.  Hale,  a  gentleman  long  resident  at  Charleston,  on  the 
Kanawha  Kiver,  and  acknowledged  to  be  thoroughly  familiar  with  the 
topography  of  the  coal  region,  and  the  extent  and  character  of  the 
different  varieties  of  coal,  estimates  the  area  of  available  coal-lands, 
after  deducting  one-third  for  loss  by  the  erosion  of  the  streams,  at  one 
thousand  six  hundred  and  sixty-six  square  miles,  in  the  valleys  of  New 
and  Kanawha  Rivers  and  their  tributaries.  He  gives  (what  he  terms 
to  be)  a  moderate  estimate  of  30,625  tons  of  coal  per  acre,  after  allowing 
one-fourth  for  waste  in  mining,  based  upon  an  average  aggregate 
thickness  of  25  feet.  This  is  really  the  minimum  and  not  the  average 
thickness. 

Dr.  Hale,  in  reply  to  an  inquiry  as  to  the  quantity  that  could  be 
mined  annually,  writes  as  follows,  under  date  of  March  2, 1874 : 

Take  the  distance  yon  mention— say  fifcy  miles  along  the  main  river— it  wonld  be 
possible  to  have  an  average  of  one  coal  operation  for  every  mile  in  extent  on  both  sides. 
This  would  give  one  hundred  mines.  If  they  worked  full  time,  and  produced  an 
average  of  12,00U  bushels,  or  480  tons  each,  per  day,  making  for  the  whole  number  of 
mines  48,000  tons  per  day,  this  would  give  240  barge-loads  of  200  tons  each,  per  day, 
equal  to  10  boats  per  hour,  or  1  boat  every  six  minutes  day  and  night.  This  is  for  the 
main  river  only,  but  by  going  only  a  moderate  distance  up  the  side  streams  which 
penetrate  the  coal-fields  in  every  direction,  the  above  quantity  could  readily  be  multi- 
plied by  six,  giving  one  boat  of  200  tons  every  minut<e  day  and  night.  Of  course  I  am 
only  dealing  with  possibilitieSj  but  you  will  readily  see  that  the  practical  limit  of  these 
operations  is  not  in  the  extent  of  accessible  Coal  in  this  region,  nor  in  the  amount  that 
can  easily  be  mined,  but  will  be  in  the  capacity  of  the  canal  to  transport  it,  and  in  the 
market  for  the  coal.  To  any  one  familiar  with  the  rapid  and  vast  increase  in  the  con- 
sumption of  coal,  the  world  over,  the  danger  wijll  not  appear  great  of  overstocking  the 
markets,  when  we  get  cheap  access  to  them  through  this  canal.  I  think  we  have  coal 
enough  for  the  canal,  and  I  hope  Congress  will  give  us  canal  enough  for  the  coal. 

With  regard  to  the  quantity  of  coal  that  can  be  mined  annually  from 
horizontal  seams,  and  brought  out  through  a  single  tunnel,  it  may  be 
remarked  that  a  company  controlled  by  English  capital  has  recently  be- 
gun operations  in  Gauley  Mountain,  about  three  miles  from  the  Hawk's 
Nest  Station  of  the  Chesapeake  and  Ohio  Eailroad,  in  the  expectation 
of  mining  300,000  tons  of  coal  annually.  They  have  tunneled  into 
the  side  of  the  mountain  through  their  lowest  coal-seam,  which  is  11  feet 
thick,  and  will  communicate  from  this  tunnel  with  the  upper  seams 
through  a  vertical  shaft,  through  which  all  the  coal  from  the  higher 
levels  will  be  delivered  to  coal-cars  in  the  main  tunnel,  and  thence,  by 
a  double-track  narrow-gauge  road,  to  the  Hawk's  ^est  Station. 

With  the  water-line  completed,  and  prompt  and  certain  transporta- 
tion thus  secured,  100,000  tons  per  year  would  be  a  very  moderate  pro- 
duction for  one  company,  and  there  is  ample  room  for  more  than  two 
hundred  such  companies  to  carry  on  mining  operations,  without  occupy- 
ing one-fourth  the  accessible  outcrops,  or  going  far  from  the  main  line, 
producing  upward  of  20,000,000  tons  of  coal  annually.  By  going  back 
eight  or  ten  miles  from  the  principal  stream,  this  yearly  production 
could  be  more  than  doubled,  without  touching  any  but  the  most  easily 
accessible  seams,  or  encountering  any  serious  difficulties. 

The  manufacture  of  iron  is  also  destined  to  become  a  business  of  very 
large  dimensions  along  the  proposed  line,  and  large  capital  is  now  await- 
ing investment  in  this  interest.  It  is  in  contemplation  to  establish  fur- 
naces, not  only  at  the  ores,  but  at  the  coals,  these  minerals  being  sepa- 
rated from  each  other  by  an  interval  of  one  hundred  miles.  A  reci- 
procity of  full,  and  therefore  cheap,  freights  will  thus  be  established,  the 
ore  moving  to  the  coal,  and  the  coal  by  return  cargoes  to  the  ore,  while 
the  manufactured  iron,  either  of  pig  or  rolled  iron,  will  move  to  eastern 
or  to  western  markets  as  may  suit  the  interests  of  the  manufacturers. 
A  heav}"  business  in  way-freights  may  therefore  be  anticipated. 
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OTHER  SOURCES  OF  LOCAL  WEALTH. 

I  have  thus  briefly  and  imperfectly  noticed  the  two  principal  minerals 
awaiting  development  in  immediate  proximity  to  the  proposed  water- 
line. 

There  are,  however,  besides  the  iron  and  coal,  other  valuable  interests 
now  lying  practically  dormant  in  the  same  region,  and  only  requiring 
cheap  means  of  transportation  to  become  at  once  objects  of  great  com- 
mercial importance.  Among  these  are  building-stone,  lime,  hydraulic 
cement,  roofing-slate,  salt,  and  vast  virgin  forests  of  valuable  timber. 

The  manufacture  of  salt,  even  under  existing  disadvantages,  has 
already  become  an  important  industry  in  the  Kanawha  Valley.  At  the 
salines  above  Charleston,  and  in  Mason  County  on  the  Lower  Kanawha, 
where  the  salt-brine  is  obtained  from  artesian  wells,  the  annual  pro- 
duction has  at  times  reached  as  high  as  7,500,000  bushels.  It  is  doubt- 
less capable  of  large  increase.  This  salt  is  considered  to  be  fully  equal 
to  that  from  Turk's  Island. 

Granite  of  excellent  quality,  and  unsurpassed  in  strength,  texture, 
and  beauty  by  any  which  the  New  England  States  afford,  is  found  in 
vast  ledges  on  the  banks  of  the  James  River  near  liichmond.  With 
water- transportation,  this  granite  would  find  a  ready  and  desirable 
market  in  the  West,  in  the  section  of  country  bordering  the  Ohio,  Mis- 
sissippi, and  Missouri  Rivers,  which  is  destitute  of  building-stone  of 
this  quality  and  description. 

The  forests  in  the  valleys  of  the  Greenbrier,  New,  and  Kanawha 
Rivers  and  their  tributaries  are  very  heavily  timbered  with  black  wal- 
nut, white  oak,  poplar,  (the  northern  white-wood,  not  bass  wood,)  beech, 
sycamore,  and  sugar-maple. 

It  will  bo  seen  from  the  foregoing  remarks  that  the  proposed  water- 
line  may  be  expected  to  derive  a  large  portion  of  its  business  from  the 
States  of  Virginia  and  West  Virginia. 

This  local  business  being  upon  the  spot  will  of  course  take  precedence 
of  through  freighfts,  and  hence  its  consideration  must  necessarily  enter 
prominently  into  all  questions  concerning  the  dimensions  and  capacity 
of  a  water-line  that  is  intended  to  provide,  and  should  provide  for  many 
years  to  come,  without  enlargement,  an  adequate  outlet  for  those  sur- 
plus productions  of  the  West  which,  in  consequence  of  their  great 
comparative  bulk,  are  unable  to  sustain  long  portage  by  rail. 

It  is  in  this  connection  only  that  the  foregoing  discussion  is  considered 
at  all  pertinent. 

2. — Thefitn388  of  this  tvater-line  as  an  outlet  for  western  produce. 

It  will  appear  by  reference  to  a  good  map  of  the  United  States,  and 
to  table  of  distances  and  charges  upon  the  various  existing  and  pro- 
jected through  freight-lines  running  east  and  west,  that  the  section  of 
country  which  would  naturally  select  this  Virginia  water-line  to  the 
eastern  markets  in  preference  to  all  others,  because  the  cheapest  of  all, 
comprises  the  region  tributary  to  the  Ohio,  the  Mississippi,  and  the 
Missouri  Rivers,  from  Wheeling  to  Cairo,  from  Cairo  to  St.  Paul,  and 
on  the  Missouri  from  its  mouth  to  its  headwaters,  comprising  the 
largest  portion  of  the  aggregate  area  of  the  several  States  bordering 
those  streams  on  either  side. 

The  ten  States  in  the  region  referred  to,  viz,  Kentucky,  Ohio,  Indi- 
ana, Illinois,  Iowa,  Missouii,  Wisconsin,  Minnesota,  Kansas,  and  Ne- 
braska, contained  in  1870  more  than  one  third  of  the  en  lire  population 
of  the  United  States. 

According  to  the  last  census  report  their  aggregate  crop,  in  round 
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numbers,  for  the  year  ending  June  30,  1870,  amounted,  in  cereals  and 
other  productions  of  the  soil,  to  32,400,000  tons. 

Tons. 
For  the  year  1871  these  productions  had  increased  to  over. .  38, 381, 000 
Neat  cattle,  swine,  and  sheep,  (1871)  * 3, 500, 000 

Total  for  1871 41, 881, 000 

Manufactures  are  entirely  excluded  from  this  statement.  What  por- 
tion of  this  total  tonnage  is  an  actual  surplus,  that  can  be  spared  for 
market,  it  is  impossible  to  determine  with  great  precision.  The  usual 
estimates  of  statisticians  fix  it  at  three-fifths  in  a  rich  agricultural  dis- 
trict, but  assuming  it  to  be  only  one-half,  and  omitting  the  hay,  and  we 
have  for  export  from  these  ten  States,  excluding  manufacture  altogether, 
a  total  for  1871  of  15,300,000  tons.  If  we  suppose  that  the  rate  of  in- 
crease since  1871  has  been  the  same  as  that  for  the  year  previous,  the 
surplus  agricultural  productions  of  these  ten  States  for  the  year  1874, 
suitable  for  long  portage  by  water,  will  exceed  20,000,000  tons.  In  1870 
the  wheat-crop  alone  in  these  ten  States  amounted  to  155,469,000  bushels ; 
and  the  corn-crop  for  the  same  year  to  475,000,000  bushels.  Allowing 
three-fifths  of  the  former  and  two-fifths  of  the  latter  as  a  surplus  for 
export,  at  a  benefit  to  the  producer  of  only  28  cents  per  bushel  on 
wheat  and  10  cents  per  bushel  on  corn,  and  the  same  to  the  consumer, 
and  the  aggregate  benefit  to  the  country  at  large  arising  from  a  ready 
market  for  these  two  crops  alone  for  a  single  year  amounts  to  more  than 
$90,200,000.  The  normal  rate  of  yearly  increase  in  the  production  of 
these  two  cereals  would  lead  to  much  greater  results  at  the  present 
time. 

It  would  not  seem  immoderate  to  estimate  the  annual  tonnage  that 
will  seek  this  line  within  a  very  few  years  after  its  completion  at  from 
six  to  eight  millions  from  the  two  Virginias,  and  an  equal  amount  from 
the  West,  or  say  12,000,000  to  16,000,000  tons  from  both  sources. 

3.  The  projected  central  water-line  is  described  in  the  general  report. 

The  canal  is  70  feet  wide  at  the  water-level  and  7  feet  deep,  with 
interior  slopes  of  1  upon  2,  giving  a  bottom  width  42  feet.  The  locks 
are  to  be  120  feet  long  between  gates,  and  20  feet  wide,  with  7  feet  depth 
of  water  on  the  miter-sill. 

The  actual  capacity  of  a  canal  of  these  dimensions  is  estimated  in 
Mr.  W.  K.  Button's  report  to  Major  Craighill  as  follows : 

On  the  Erie  Canal  198  boats  have  actually  passed  throiip;b  a  single  lock  in  one  day  ; 
and  we  may  therefore  safely  assume  a  capacity  fur  180  boats.  The  tonnage  of  tbe  boat^ 
will  be  about  280  tons,  but  as  the  freight  going  West  will  not  be  more  than  one-fourth 
of  that  from  the  West,  we  will  average  them  at  180  tons,  which  will  show  a  trade  of 
9,720,000  tons  per  annum,  or  for  a  season  of  three  hundred  days. 

From  this  it  would  follow  that  all  the  eastern-bound  freight  would 
be  carried  by  a  daily  average  of  90  boats  of  280  tons  each,  or  one  boat 
in  every  8  minutes,  night  and  day,  equal  to  7,560,000  tons  in  three 
hundred  days,  allowing  for  suspension  of  work  on  Sundays  and  fifteen 
days'  stoppage  by  ice. 

This  estimate  of  Mr.  Button's  appears  to  be  very  large,  larger,  indeed, 
than  the  average  results  obtained  on  the  Erie  Canal  would  seem  to 
justify. 

I  believe  that  an  average  of  one  boat  every  10  minutes  would  repre- 
sent a  much  nearer  approximation  to  the  practical  capacity  of  the  canal, 

•Address  of  Hon.  W.  J.  Mc  Alpine  to  the  New  York  Chamber  of  Commerce,  May 
8, 1873,  page  26. 
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if  indeed  tbis  estimate  be  not  considerably  in  excess.  Upon  th%  sum- 
mit-level of  the  Erie  Canal,  which  is  double-locked,  a  daily  average  of 
101  and  a  maximum  of  200  boats  pass  the  locks  during  the  busy  season. 
The  tonnage  both  ways  on  the  Erie  Canal  in  1872  was*  3,562,560  tons. 
The  tonnage  both  ways  on  Erie  Canal  in  1871  was  3,580,922  tons. 
Through  tonnage  bound  East,  (annually,)  1871-'72,  2,637,212  tons. 

These  quantities  are  carried  during  a  period  of  seven  months  each 
year.  In  1871  the  total  through  and  way  freights  were  carried  an  aver- 
age distance  of  two  hundred  and  nineteen  miles  for  each  ton. 

It  would  seem,  therefore,  that  a  total  carriage  both  ways  of  7,560,000 
tons  would  more  than  represent  the  greatest  yearly  capacity  of  the  pro- 
posed line.  This  would  require  the  boats  to  pass  every  10  minutes, 
night  and  day,  for  a  season  of  three  hundred  days,  and  evidently  allows 
very  little  for  contingent  accidents  and  delays.  It  would  provide  for 
6,048,000  tons  of  eastern-bound  through  and  way  freight.  My  own 
judgment  would  place  the  annual  carriage  of  the  line  both  ways  consid- 
erably lower,  but  as  I  am  convinced  that  a  water-line  of  greater  ton- 
nage than  the  one  recommended  will  be  needed  at  a  very  early  day,  on 
the  ground  that  otherwise  it  will  fall  very  far  short  of  satisfying  the  in- 
creasing demands  that  will  be  made  upon  it  from  the  moment  of  its 
completion,  it  is  my  wish  not  to  understate  the  possible  capacity  of  the 
route  as  proposed. 

It  is  admitted,  therefore,  that  the  proposed  line,  under  proper  admin- 
istration, may  be  made  to  carry  annually  6,^48,000  tons  of  eastern- 
bound  way  and  through  freight. 

In  my  judgment,  and  for  reasons  briefly  set  forth  in  the  foregoing 
pages,  the  line  will  be  required  to  cofivey  within  five  years  after  its 
completion  more  than  8,000,000  tons  of  coal,  iron-ore,  and  iron  in  Vir- 
ginia and  West  Virginia  alone,  while  the  amount  of  western  produce 
that  will  seek  it  annually  will  reach  as  high  as  6,000,000  to  8,000,000 
tons  more;  and  it  will  fail  to  carry  any  portion  of  this  western  tonnage, 
except  at  the  expense  and  to  the  detriment  of  local  trade. 

It  will  be  necessary,  thei"efore,  to  provide  for  a  very  large  addition  to 
the  tonnage  of  the  route,  either  by  enlarging  its  dimensions,  duplicating 
the  locks,  or  by  each  of  these  modes  in  succession.  So  far  as  possible, 
arrangements  for  one  or  the  other  of  these  enlargements  should  be  an- 
ticipated. As  to  their  relative  Jidvantages  and  cost,  opinions  probably 
differ  within  wide  limits  even  among  experts  in  canal  administration, 
and  the  question  should,  therefore,  be  the  subject  of  njature  preliminary 
study. 

The  width  of  the  locks  adopted  in  the  project  (20  feet)  can  be  increased 
3  or  4  feet  at  a  cost  not  exceeding  $1,000  per  lock.  Mr.  Button's  esti- 
mate is  $700  per  lock.t  For  the  entire  line,  therefore,  from  Kichmond 
to  the  beginning  of  the  slack-water  on  the  Greenbrier,  comprising  157 
locks,  this  cost  would  not  exceed  $150,000,  or  less  than  one- third  of  1 
X)er  cent,  on  the  entire  cost  of  the  work.  This  single  change  in  the 
project  would  increase  the  tonnage  of  the  line  nearly  one-fourth,  as  the 
boats  could  then  carry  345  tons  of  cargo. 

A  subsequent  enlargement  could  he  readily  and  cheaply  made  by 
raising  the  sides  of  the  locks  and  the  canal  one  foot  or  more,  and  still 
another  by  lengthening  the  locks. 

Adding  one  foot  to  the  depth  would  raise  the  tonnage  of  the  boats  to 
400  tonSy  and  a  further  increase  of  24  feet  in  the  length  of  the  lock- 

*  Address  by  Hon.  W.  S.  McAlpiue  before  New  York  Chamber  of  Commerce  May  8, 
1873. 
t  Mr.  Hutton  is  an  engineer  of  experience  in  canal  construction  and  manajrement. 
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chamljiers  would  restore  the  original  and  proper  proportion  between  the 
length  and  breadth,  and  with  8  feet  of  water  in  the  canal  the  boats 
would  carry  about  500  tons  on  7  feet  draught.  Allowing  10  minutes  for 
lockage,  the  yearly  tonnage  of  the  canal  would  then  be  10,800,000  tons 
of  eastern-bound  freight.  A  tonnage  capacity  somewhat  greater  than 
this  could  be  given  to  the  canal  recommended  in  the  project  by  doubling 
its  locks,  or  by  making  them  long  enough  to  take  two  boats  at  once. 

4.  The  question  of  water-supply  for  the  summit-level  must  necessarily 
be  considered  in  connection  with  any  proposed  increase  in  the  dimen- 
sions of  the  locks. 

The  locks  supplied  from  this  level  are  assumed  to  have  a  maximum 
lift  of  10  feet,  and  the  number  of  boats  passing  both  ways  240  or  360 
prisms  of  lift  per  diem,  being  an  excess  of  96  boats  per  day  over  the 
number  taken  above  as  the  basis  of  yearly  trade. 

The  project  before  the  board  contemplates  supplying  the  summit- 
level,  during  the  dry  season,  exclusively  from  a  reservoir  on  Anthony's 
Creek,  a  tributary  of  the  Greenbrier,  having  a  discharge  certainly  less 
than  one-fourth — probably  less  than  one-sixth — that  of  the  main  stream. 
It  would  be  entirely  safe  to  assume  the  discharge  of  the  Greenbrier  at 
three  times  that  of  Anthony's  Creek.* 

The  Greenbrier  flows  through  a  mountain  gorge  peculiarly  favorable 
to  the  construction  of  dams  for  a  distance  of  more  than  sixty  miles,  all 
above  the  level  of  the  summit  to  be  supplied.  If  necessary,  therefore, 
the  supply  afforded  by  the  Anthony's  Creek  reservoir  may  be  increased 
twofold. 

As  an  alternative  the  Greenbrier  may  be  excluded,  and  an  additional 
supply  obtained,  equal  to  one-third  of  that  from  Anthony's  Creek,  by 
appropriating  the  waters  of  Little  Creek,  Howard's  Creek,  and  Tucka- 
hoe  Creek.  Assuming  this  tq  be  the  case,  and  we  have  the  following 
results,  calculated  with  locks  24  feet  wide,  144  feet  long,  and  10  feet  lift, 
fed  from  the  summit  level : 

Cabic  yarde. 

The  AnthoDy^s  Creek  reservoir  will  afford  an  available  daily  supply  of 571, 7J?0 

The  three  creeks  above  uained  will  supply  daily 190, 000 

Total  daily  supply  of  water  from  these  sources 761, 780 

Quantity  required  daily  for  the  use  of  240  passing  boatS|  with  locks  24  feet 
by  144  feet,  and  10  feet  lift,  including  leakage,  filtration,  and  evaporation.       550, 000 

Daily  surplus 211,780 

The  adequacy  of  the  water-supply  for  the  summit-level  will  not  be 
questioned  by  any  engineer  who  gives  the  subject  a  few  moments'  intel- 
ligent though  t.t 

But  as  one-half  the  water  drawn  from  the  Greenbrier  and  its  tribu- 
taries for  the  summit-level  will  be  lost  to  the  proposed  slack-water 
navigation  west  of  the  summit,  the  question  arises  whether,  with  these 
enlarged  locks,  there  will  be  water  enough  left  for  the  service  of  the 
proposed  barge-locks  on  the  Greenbrier,  above  its  confluence  with  New 
River,  or,  say,  above  Second  Creek.  Upon  this  point  I  am  prepared  to 
say  that  I  see  no  controlling  necessity  for  making  the  locks  on  either 
the  Greenbrier  or  ]S"ew  River  larger  than  those  on  the  canal;  and,  if 
made  of  the  same  size,  the  water  expended  in  lockage  at  the  west  end 
of  the  summit-level  will  amply  suffice  to  carry  boats  through  the  Green- 

*  Report  of  Capt.  Wm.  G.  NcNoill,  Topographical  Engineers,  March  24,  1828. 

t  It  is  assumed  that  the  data  supplied  by  the  surveys  and  examinations  of  Captain 
McNeill  and  Mr.  Lorraine  are  trustworthy.  It  is  not'  known  that  they  have  ever  been 
called  in  question. 
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brier,  by  drawing  upon  the  surplus  to  supply  any  deficiency  due  to 
natural  and  incidental  causes. 

The  large  barges  from  the  West  can  very  well  break  fteight  and 
transfer  their  cargoes  to  canal-boats  on  the  Kanawha  River  below  the 
Great  Falls.  I  would  prefer  barge-navigation  on  the  New  and  Green- 
brier Rivers,  if  readily  attainable ;  but  I  do  not  consider  the  differences 
involved  in  this  question  of  much  importance. 

Substituting  canal  for  slack-water  navigation  on  this  portion  of  the 
line  would  add  from  7  to  8  cents  per  ton  to  the  cost  of  transportation. 

Below  the  confluence  of  Greenbrier  and  ^ew  Rivers  it  is  presumed 
there  is  no  question  of  the  adequacy  of  the  water-supply  for  lock  and 
dam  navigation  even  for  large  barges,  and  I  would  prefer  this  method 
of  improvement  to  that  of  open  sluices  for  the  entire  distance  from 
Kanawha  Falls  to  the  Ohio  River. 

Bat  the  improvement  of  the  Kanawha  should  be  considered  in  con- 
nection with  that  of  the  Ohio  below  Point  Pleasant,  a  subject  not  before 
this  board. 

The  only  difiBculties  of  construction  at  all  serious  in  character  will 
probably  be  encountered  in  founding  the  dams  for  slack- water  naviga- 
tion upon  bowlders  and  coarse  gravel  and  pebbles,  where  no  bed-rock 
has  been  discovered. 

In  Mr.  Button's  judgment,  formed  after  a  careful  examination  of  the 
localities,  these  bowlder-sites  for  dams  can  generally  be  avoided,  and  it 
may  be  safely  assumed  that,  where  such  avoidance  is  impossible,  a  canal 
can  be  isubstituted  for  slack-water. 

COST  OF  THE  WORK. 

5.  As  to  the  probable  cost  of  the  work  from  Richmond  to  the  mouth 
of  the  Kanawha  River,  my  views  are  expressed  in  a  resolution  of  the 
board,  passed  with  one  dissenting  voice,  that  $60,000,000  would  build 
it,  leaving  a  large  margin  for  contingent  expenses,  while  its  cost  would 
probably  not  exceed  $55,000,000,  and  possibly  not  $50,000,000. 

COST  OP  MAINTENANCE. 

6.  The  annual  cost  of  maintenance  and  administration  should  not 
exceed  $750,000,  but  may  possibly  reach  $l,000,OuO. 

PROBABLE  TIME  FOB  ITS  COMPLETION. 

7.  The  time  required  to  complete  the  work  and  open  it  to  trade  will 
depend  upon  the  time  occupied  in  constructing  the  long  tunnel.  I 
judge  that  Ave  and  a  half  to  six  years  will  be  ample. 

SUMMARY. 

1.  The  construction  and  maintenance  along  the  proposed  route  of  a 
water-line  of  even  larger  dimensions  than  the  one  proposed  is  entirely 
practicable,  and  the  necessity  for  it  is  so  imperative,  and  its  importance 
to  the  country  at  large  so  great,  that  the  General  Government  may  well 
assume  the  work,  even  at  a  cost  greatly  in  excess  of  the  estimates. 

2.  The  line  as  proposed,  when  working  to  its  full  capacity,  will  carry, 
as  claimed  in  the  project,  7,560,000  of  eastern-bound  through  and  way 
freight  annually.    I  place  its  tonnage  lower  by  more  than  1,500,000  tons. 

8  £Na 
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3.  The  line  will  be  required  within  a  short  time  after  it  is  opened  to 
convey  eastward  more  than  12,000,000  tons  annually. 

Its  construction,  therefore,  should  be  begun  with  a  view  to  increasing 
its  capacity  at  an  early  day,  either  by  duplicating  its  canal-locks  or  by 
enlarging  the  single  line,  as  shall  be  deemed  of  most  advantage. 

4.  The  cost  of  the  work,  if  the  locks  be  made  4  feet  wider  than  the 
project  contemplates,  should  not  greatly  exceed  $50,000,000,  but  may 
reach  $60,000,000,  and  the  annual  cost  of  its  maintenance  will  be  within 
$1^)00,000. 

By  widening  the  proposed  locks  4  feet,  the  tonnage  of  the  canal  would 
be  increased  nearly  one-fourth. 

5.  The  time  for  completing  the  work  should  not  exceed  five  and  a  half 
to  six  years. 

Very  respectfully,  your  obedient  servant, 

Q.  A.  GiLLMOBB, 

Lieut  Col  of  Engineers^  BvU  Maj.  Qen.^  U.  8,  A. 

Brig.  Gen.  A.  A.  Hijmphbeys, 

Chief  of  JEi^gineerSj  U.  S.  A. 


4:.— Letter  to  the  Chief  of  Engineers  of  Col.  W.  P.  Oraighill. 

UiHTED  States  BNomBEB  Office, 
New  York,  March  19,  1874. 

Genebal  :  The  board  of  engineers  which,  under  your  instructions  of 
January  28, 1874,  convened  in  Richmond,  Ya.,  February  5,  and  has  since 
been  engaged  in  examining  the  route  of  the  proposed  James  River  and 
Kanawha  <<  water-line,"  and  the  maps  and  documents  relating  to  the  sub- 
ject, yesterday  agreed  upon  a  report  indicating  its  opinions  upon  points 
as  to  which  there  was  entire  unanimity,  with  the  understanding  that 
separate  papers  should  be  prepared  by  each  member,  for  the  purpose  of 
a  more  detailed  setting  forth  of  the  special  views  of  each  as  to  parts  or 
the  whole  of  the  project. 

While  the  general  opinions  expressed  in  my  printed  reports  of  Janoarr 
27, 1871,  and  April  11, 1873,  are  still  entertained,  further  reflection  and 
conference  with  my  able  and  experienced  coUeague^s  on  this  board  have 
induced  me  to  modify  to  a  limited  extent  my  views  as  to  some  of  the 
details.  I  feel  bound  (and  the  duty  is  certainly  a  pleasing  one)  to  make 
a  matter  of  official  record  my  testimony  to  the  courteous  consideration 
manifested  toward  me  by  my  associates. 

Your  instructions  direct  the  board  to  take  into  consideration  and  re- 
port upon  all  questions  of  praoticability,  plan,  and  probable  cost  for  a 
water-communication  to  the  Ohio  by  the  way  of  the  James  and  Kanawha 
Elvers,  together  with  the  probable  time  required  for  its  completion  and 
the  cost  of  maintenance  when  built.  These  instructions  also  contain 
the  following  paragraph :  ^^  It  is  also  desirable  to  have  the  views  of  the 
board  on  the  benefits  to  commerce  to  be  derived  from  the  construction 
of  such  a  work." 

The  letter  of  Hon.  H.  G.  Davis,  of  the  Senate  of  the  United  States,  to 
the  Secretary  of  War,  dated  November  12, 1873,  in  which  he  aaks  for 
the  organization  of  a  board  of  engineers  to  consider  and  report  on  the 
"  water-line,''  contains  a  paragraph  quoted  below.  It  may  properly  be 
mentioned  here  that  Mr.  Davis  writes  in  his  capacity  of  member  of  the 


Digitized  by  LjOOQ  IC 


REPORT   OF   THE   CHIEF   OF   ENGINEERS.  115 

Siiedal  Committee  (of  the  Senate)  on  Transportation  Boates  to  the  Sea- 
board.   He  says : 

Yoa  are  aware  of  the  fact  that  Beyeral  Burvevs  and  official  reports  have  already  been 
made  bv  the  St-ate  of  Virginia  and  the  General  GUivenmient  in  regard  to  this  work,  all 
of  which  seem  to  indicate  that  the  project  is  perfectly  practicable.  Some  of  the  friends 
of  the  enterprise,  however,  desire  to  present  such  additional  evidence  in  regard  to  the 
cost  of  the  proposed  tnnnel  and  of  the  entire  caua),  the  water-snpply  of  snmmit-level, 
the  probable  time  required  to  complete  thetanneland  the  entire  canal,  and  other  ques- 
tioDB  involving  its  practicability  as  will  place  all  these  questions  beyond  donbt  in  the 
poblic  mind.  *  *  *  *  *  It  is  for  these  reasons  I  have 

made  the  foregoing  reqaest  as  to  the  appointment  of  a  board  of  survey,  who  shall  care- 
fally  examine  and  pass  upon  all  the  conipatations  and  dednotions  of  the  engineers  who 
have  located  the  canal  and  estimated  its  probable  cost,  the  time  required  for  its  con- 
strnction,  and  other  questions  of  a  practical  nature. 

The  question  of  ^^ practicability^  is  of  little  importance  until  the 
fandamental  one  be  settled  of  "  the  benefits  to  commerce  to  he  derived  from 
ike  construction  of  such  a  work.^  When  the  commercial  worJcingcapa/dty 
of  the  line  is  determined  by  the  engineers,  its  commercial  value  seems 
rather  a  question  for  the  political  economist.  As  to  the  commercial 
value,  so  much  has  been  written  that  I  might,  perhaps,  with  propriety 
pass  it  by  entirely.  I  desire,  however,  to  invite  special  attention  to  the 
emphatic  and  unanimous  opinion  of  the  board,  expressed  in  the  follow- 
iug  resolutions : 

Reaolvedj  That,  while  the  board  is  of  the  opinion  that  for  ordinary  passenger- travel 
and  many  kinds  of  freight  the  railroad  will  be  properly  preferred  as  the  means  of 
transportation,  there  can  be  no  reasonable  questioning  of  the  fact  that,  when  the  cir- 
cumstances of  the  case  are  such  that  comparative  slowness  of  movement  is  permissible, 
and  the  q  nan  titles  to  be  moved  large,  the  cheapness  of  transportation  by  water  be- 
comes obvious  to  every  one  who  &irly  weighs  the  statistics  on  the  subject.  In  this 
view  very  great  benefits  to  commerce  would  be  derived  from  the  construction  of  a 
water-commnuication  from  east  to  west  between  the  James  and  Ohio  Rivers. 

2.  Whereas  the  James  River  and  Kanawha  route  being  among  the  few  south  of  the 
Erie  Canal  route  over  which  it  appears  to  be  practicable  to  establish  a  water-navi- 
gation connecting  b^r  the  Ohio  River  the  immense  internal  navigation  of  the  great 
Mississippi  Valley  with  the  seaports  of  the  Atlantic ;  and  whereas  it  wiU  probably 
famish  tne  most  direct  connection ;  and  whereas  the  route  has  very  great  local  ad- 
vantages of  climate,  owing  to  which  it  will  be  comparatively  little  obstructed  bv  ice, 
and  of  geological  character,  connecting  the  richest  coal-fields  of  the  world  (now  lying 
almost  andeveloped  for  want  of  adequate  means  of  removal)  with  the  markets  of  the 
world,  and  at  the  same  time  with  the  almost  equally  rich  region  of  iron  and  other  ores 
in  the  Virginia  Valley: 

ThareforOy  in  the  opinion  of  this  boar(L  this  route  presents  extraordinary  claims  as 
the  measure  of  relief  to  tbe  population  of  the  Western  States,  in  furnishing  for  their 
bnlk^  products  cheap  transportation  to  a  market,  and  for  fostering  the  commerce  of 
the  United  States  by  developing  immense  mineral  resources  now  neglected. 

As  to  the  commercial  value  of  the  work,  the  light  thrown  by  the  fol- 
lowing statistics  from  the  history  of  the  Erie  Canal  is  valuable : 

The  entire  cost  of  constructing  the  Erie  Canal  to  1863  was  $38,977,831,  (nearly 
^,000,000.)  This  snm,  with  interest  to  1863,  amounted  to  $52,491,915.  During  the 
same  period  tbe  gross  receipts  from  tolls  were  |71,783,676,  (nearly  |72,000,000.)  After 
dftdncting  expenses,  ($12,51^^,860,)  there  remained  a  net  profit  of  $59,264,812,  not  only 
sufficient  to  pay  the  entire  cost  of  construction  with  interest,  but  leaving  a  surplus 
of  nearly  ^,000,000.  Of  the  gross  earnings  it  appears  that  but  little  more  than 
ont-mxth  was  required  to  meet  expenses  and  repairs.  Flac-fixths  were  net  gain. 
This  included  not  only  the  period  after  the  enlargement  but  before,  when  the  canafwas 
in  an  onfiniabed  condition,  with  cost  of  repairs  greater  and  receipts  less.  Since 
1862  the  net  earnings  have  been  about  $20,000,000  more.  From  1862  to  the  end 
of  the  fiscal  year  1868,  the  amount  of  tolls  paid  to  the  State  was  $25,260,384.  No 
other  improvement,  railroad  or  other,  can  make  such  an  exhibit.  The  Erie  Canal  has 
not  only  paid  for  its  construction,  but  makes  itself  a  present  to  the  State  with  abont 
427,000,000  of  net  profits.  »  *  •  For  the  montns  of  October  and  December  of 
l^^,  the  receipts  from  tolls  were  about  two  millions,  being  a  little  more  than  half  the 
receipts  for  the  fiscal  year  and  more  than  half  the  estimated  receipts  for  the  next  fis- 
cal year.    These  figures  show  that  the  navigation  closes  just  when  the  demand  for 
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transportation  is  greatest,  and  the  comparative  smallness  of  receipts  for  the  other  &vv^ 
months  of  open  navigation  shows  that  the  freight  which  cannot  use  this  canal  gets  to 
market  over  other  aud  much  more  expensive  avenues  of  transportation. 

With  reference  to  the  Erie  Canal,  one  who  knows  whereof  he  s{>eak8 
use8  the  following  language : 

The  Erie  Canal  now  conveys  one-fourth  of  the  whole  of  the  exports  of  that  vast  inte- 
rior region  which  I  have  already  described,  and  as  much  of  it  during  its  six  months  of 
uninterrupted  navigation  as  all  of  the  1  runk-railways  together  during  the  same  time. 
Every  canal-boat  which  comes  to  this  city  with  an  average  cargo  is  more  than  the 
average  of  the  New  York  Central  Railroad  trains.  In  the  busy  canal-season,  more  than 
one  hundred  and  fifty  such  boats  come  daily  to  tide-water,  and  the  New  York  Central 
Railroad  traffic  never  reaches  thirty  trains  per  day.  Such  a  canal-traffic  would  make 
more  than  twenty  miles  of  railroad-cars.  The  slow,  plodding  canal-boat  attracts  no 
attentiou,  while  the  bustle,  noise,  and  whirl  of  a  freight-train  create  a  sensation  in 
every  village  through  which  it  passes. 

See  also  the  remarks  of  Mr.  Harris,  the  present  chief  engineer  of  the 
James  Kiver  Canal :  • 

First,  as  to  the  supply  of  tonnage.  By  the  statistics  alluded  to  we  find  that  the 
States  bordering  on  the  water-line  produced  in  the  year  1871  more  than  four  times  as 
much  corn  and  about  three  times  as  much  wheat  as  all  the  remaining  States  of  the 
Union,  and  that  the  quantity  of  wheat,  corn,  rye,  oats,  barley,  buckwheat,  and  pota- 
toes ajnounted  to  the  enormous  sum  of  l,134,72fi,000  bushels;  averaging  these  articles 
at  only  50  pounds  to  the  bushel,  we  have  27,887,200  tons.  These  saui"  States  pro- 
duced also  the  same  year  109,094  tons  of  tobacco  and  10,385,000  tous  of  hay.  These 
sums  added  together  make  a  grand  aggregate  of  38,3??1,294  tons.  Suppose  one-third  of 
this  is  deducted  for  home  consumption,  the  remainder  is  25,587,530  tous,  to  which,  if 
we  were  to  add  the  tonnage  of  salted  pork,  beef,  live  stock,  and  that  created  by  the 
forests  and  mines,  the  grand  total  would  probably  be  at  least  30,000,000  tons. 

This  same  report  also  informs  us  that  the  increase  of  the  population  west  of  the 
Mississippi  dunng  the  last  decade  was  at  the  rate  of  52  per  cent.,  while  that  of  the 
-whole  country  was  only  22  per  cent.  As  the  prodnctions  iucrease  at  leant  in  the  same 
ratio  as  the  population  in  this  productive  country,  may  we  not  reasonably  conclude 
that  by  the  year  1880,  or  by  the  time  the  water-line  can  possibly  be  completed,  this 
country  will  produce  forty  or  fifty  millions  of  tons  for  export  f  Can  there,  then,  be  a 
reasonable  donbt  that  this  line  will  be  supplied  with  as  much  tonnage  as  it  can  carry, 
taking  into  view  that  it  will  be  the  cheapest  and  safest  of  all  the  lines  of  transporta- 
tion for  the  tonnage  of  this  country  f  Instead  of  a  deficiency  of  tonnage,  I  think  the 
result  will  be  that  this  line  caunot  carry  it  all,  though  worked  to  it«  utmost  capacity, 
and  the  people  of  the  West  will  very  soon  demand  another  water-line  t<i  be  made  from 
the  Mississippi  Valley  to  the  Atlantic  Ocean,  to  carry  off  the  surplus  of  their  iue^L- 
haustible  and  fertile  country. 

Secondly,  as  to  some  of  the  benefits  to  be  derived  by  the  Wcbtern  State-s  lM)rdering 
on  the  Ohio  and  Mississippi  Rivers.  The  average  result  in  favor  of  the  Virginia  water- 
line,  as  compared  with  seventeen  different  lines  of  transport,  as  shown  lu  the  table 
heretofore  referred  to,  is  i352.84  per  ton.  This  is  equivalent  to  the  gain  of  8^  -cents 
a  bushel  on  wheat,  and  within  a  fraction  of  8  cents  per  bushel  on  corn,  and  in  the  same 
proportion  for  all  other  articles.  Let  us  suppose  that  this  line,  when  finished,  will  have 
the  influence  of  thus  cheapening  the  cost  of  transportation  for  twenty-five  miles  on 
each  side  of  the  rivers,  extending  from  the  month  of  the  Kanawha  to  Dubuque,  a  dis- 
tance of  thirteen  hundred  aud  fifty-five  miles.  This  would  embrace  an  area  of  coautry 
containing  43,360,000  acres. 

By  the  report  of  the  statistician  of  the  Agricultural  Bureau  the  State?  bordering  ou 
the  rivers  between  the  mouth  of  Kanawha  and  Dubuque  produced  in  1871 11.3  bu^els 
of  wheat  and  :tt.7  bushels  of  corn  per  acre.  It  was  shown  by  the  table  of  cost  refemnl 
to  that  the  Virginia  line  would  save  to  the  people  of  the  Western  States  8^  cents  per 
bushel  on  wheat  and  8  cents  on  corn.  It  is  clear  that  S^  cents  multiplied  by  11.3 
bushels  would  give  the  amount  realized  per  acre  ou  all  the  wheat-land,  aud  ^2.85.6  per 
acre  on  corn-land.  Lot  us  again  suppose  that  one-fourth  of  this  area  of  country  was 
cnltivated  in  wheat  in  1871,  and  one-fourth  in  corn ;  by  multiplying  one-fourth  of  the 
area  by  90.4  cents,  and  another  fourth  by  $2.85,6,  these  products  added  together  show 
what  the  farmers  of  this  region  lost  by  not  having  the  water-line  in  1871,  and  what 
they  would  now  gain  every  year  on  their  crops  of  corn  aud  wheat  only  by  having  it 
constrnctt^d.  The  result  would  be  as  follows  :  10,840,000  acres  multiplied  by  90.4  cents, 
89,799,360;  10,840,000  acres  multiplied  by  $2.85.6,  ^30,959,040.  These  sums  added  to- 
gether make  the  sum  of  $40,758,400  that  would  be  realized  by  the  agriculturists  of 
this  portion  of  the  country  per  annum  without  any  more  labor  on  their  part,  and 
wouhl  be,  in  effect,  enhancing  the  value  of  their  real  estate  by  the  enormous  sum  of 
$679,306,666.66,  because  it  would  take  this  capital,  put  at  interest  at  6  per  cent,  to  pro- 
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dnce  that  amoant  of  pecuniary  benefit  derived  per  annum  by  tbe  construction  of  this 
great  work.  Tbe  recent  successful  application  of  steani-uavigatiou  on  the  Erie  Canal 
assures  us  that  the  day  of  slow-plodding  horse-traction  on  large  canals,  such  as  this 
will  be,  has  passed  :  and  that  the  new  era  of  st^am-navigation  has  begun,  and  will  be 
fully  iuauj^urated  before  this  great  line  can  be  finished,  diminishing  tlie  time  by  one- 
half  and  tbe  expense  one-half,  or  reducing  the  total  expense  of  navigation  on  the  canal 
to  less  than  one-half  what  it  is  at  present.  At  these  rates  the  actual  cost  of  transport- 
ing a  bushel  of  wheat  three  thousand  miles  would  be  only  about  7  cents,  and  the  total 
charges  not  more  than  15  cents  per  bushel;  and  the  effect  upon  the  wheat  and  corn 
growing  regions  of  the  West  would  be  not  only  to  make  two  bushels  of  wheat  grow 
where  only  one  grew  before,  but  to  causd  millions  of  bushels  to  be  grown  where  none 
were  grown  before. 

In  this  counectioQ  I  will  simply  advert  to  a  suggestion  made  by 
another  member  of  the  board.  The  need  for  a  cheap  means  of  transpor- 
tation between  East  and  West  becomes  specially  pressing  upon  the  pro- 
ducers of  the  Wes  ern  and  Northwestern  States  at  the  very  season  when 
the  Erie  route  fails' them,  from  climatic  causes  which  may  be  said  to  be 
uncontrollable.  The  Ohio  Eiver  is  then  in  a  favorable  condition  for 
navigation,  even  without  further  expenditure  for  its  improvement,  and 
if  the  James  Eiver  water-line  were  completed  there  would  be  a  through 
line  at  once  for  this  urgent  work  of  transportation.  It  has  been  also  well 
suggested  by  tlie  recorder  of  our  board  that  the  boats  on  the  Erie  Canal 
instead  of  remaining  idle  for  five  months  every  year,  could  be  readily 
transferred,  and  work  on  the  James  River  line  during  the  period  of  clos- 
ure of  the  Erie.  This  transfer  could  be  easily  effected  through  the  Del- 
aware and  liaritan  Canal  and  Chesapeake  and  Delaware  Canal.  This 
means  at  once  places  the  great  commercial  metropolis  of  our  country, 
New  York,  in  connection  with  the  James  River  line.  It  will  be  found 
this  route  also  compares  favorably  in  distance  with  others  to  New  York 
from  the  West. 

As  to  the  commercial  capacity  of  the  James  River  line,  what  has  been 
hitherto  written  has  had  reference  generally  to  a  channel  of  the  same 
dimensions  as  the  existing  Erie  Canal,  and  the  estimates  of  cost  submit- 
ted in  my  reports  contemplated  such  a  navigation  east  of  the  Alleghany, 
permitting  the  use  of  boats  of  about  280  tons,  while  those  of  700  tons 
were  expected  to  be  brought  from  the  West  as  far  as  the  summit-level, 
the  long  tunnel.  That  a  water-communication  of  the  capacity  of  the 
Erie  Canal  can  be  built  along  the  James  River  line  is  believed  by  the 
board,  as  appears  from  the  following  resolution,  unanimously  agreed  to  : 

Resolvedy  That,  in  the  opinion  of  this  board,  it  is  entirely  practicable  to  connect  the 
waters  of  the  James  and  Ohio  Rivers  by  a  water-navigation  of  7  feet  depth. 

Differences  of  opinion  prevail  in  the  board  whether  the  slack-water 
navigation  should  be  adopted  for  the  Greenbrier  and  New  Rivers,  or 
whether  the  smaller  canal  should  be  continued  down  those  streams. 
There  are  also  differences  of  opinion  as  to  the  best  dimensions  and 
details  for  locks,  &c.  Before  those  details  can  be  settled  further  surveys 
will  be  necessary. 

The  following  resolution  agreed  to  by  four  of  the  five  members  of  the 
board,  may  be  here  quoted : 

Resolredt  That,  while  the  estimates  have  hitherto  been  limited  to  a  water-line  with 
canal-locks  of  120  by  20  and  slack- water  locks  of  240  by  40,  the  board  is  of  the  opinion 
that  the  canal-locks  should  probably  be  built  of  2:^  or  24  feet  width,  with  a  correspond- 
ing increase  in  the  width  ot  slack- water  locks,  with  a  view  to  increase  of  capacity  for 
the  line  in  future  if  demanded,  as  this  additional  width  can  be  economically  given. 
Additional  depth  could  tliereafter  be  readily  obtained,  to  as  great  an  extent  as  the 
water-supply  would  permit,  by  raising  the  walls  and  banks. 

The  dissenting  member,  it  is  undersood,  has  not  satisfied  himself 
fully  as  to  the  proper  manner  of  giving  increased  capacity  to  the  canal, 
whether  by  enlarged  single  locks  or  by  doubling  them. 
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My  own  opinion  on  this  point  is  that  the  capacity  of  the  canal  shonld 
be  as  great  as  the  water-supply  and  economical  working  will  justify. 
Inasmuch  as  the  expenses  for  making  a  lock  24  feet  wide  rather  than  20 
feet  is  very  small  in  the  first  construction  as  compared  with  the  total  cost, 
I  recommend  that  they  be  so  built.  If  this  should  be  found  to  be  too 
great  width,  they  may  be  narrowed  easily  and  cheaply.  If  the  water- 
supply  be  found  greater  than  expected,  the  locks  and  canal  may  readily, 
and  at  comparatively  small  expense,  be  made  deeper  by  raising  the  walls 
and  banks.  Thecontinuous  slack-water  navigation  on  the  Kanawha,  New, 
and  Greenbrier  should  have  locks  at  least  double  in  length  and  width 
of  those  on  the  canal,  so  as  to  pass  at  once  four  canal-boats  or  three 
boats  and  a  tow-boat  if  desired.  My  opinion  is,  further,  that  only  single 
locks  should  be  first  built.  If  the  trade  justify,  tliey  should  be  after- 
ward doubled.  The  enlargement  of  the  prism  proposed  in  ray  report 
of  January  27,  1871,  is  considered  ample,  as  it  will  suffice  for  the 
locks  of  greater  width  now  recommended,  and  by  revetting  the  slopes 
and  making  them  steeper  the  canal  may  be  adapted  to  the  use  of  steam- 
navigation,  which  should  be  confidently  expected  in  the  future.  As  a 
steamboat  may  readily  be  propelled  at  twice  the  speed  of  the  horse- 
boat,  the  time  of  passage  through  the  canal  and  its  locks  will  be  lessened 
one-half,  and  thus  the  capacity  of  the  route  be  practically  doubled. 

As  pertinent  to  this  question  I  will  here  quote  some  interesting  state- 
ments made  by  Maj.  W.  McFarland,  of  the  Corps  of  Engineers,  who  has 
given  much  special  and  intelligent  study  to  the  subject  of  the  construc- 
tion and  use  of  canals.  He  is  writing  about  another  canal-route  than 
that  by  the  James  Elver : 

The  extreme  tonnaj^e  of  the  boats  passiug  through  the  Erie  Canal  is,  according  to 
the  last  published  reports,  about  240  tons,  while  the  average  load  is  about  220  tons. 
The  locks  here  are  110  feet  long  and  18  feet  broad  ;  the  1}uats  commonly  95  to  97  feet 
long  and  17  feet  6  inches  broad.  I  desire  here  to  call  attentioo  to  a  curious  and  im- 
portant fact.  The  Delaware  aud  Raritan  Canal,  which  forms  a  link  of  the  inland  line 
of  water-communication  between  the  cities  of  New  York  and  Philadelphia,  is  of  the 
following  dimensions :  Eighty  feet  wide  at  the  water-surface  ;  average  depth,  9  feet ; 
locks,  220  feet  long,  and  24  feet  wide.  The  largest  horse-boats  plying  upon  thia  oanal 
can  carry  450  tons,  but  the  average  actual  cargo  is  about  210  tons. 

Mr.  John  S.  Hillis,  of  the  firm  of  W.  P.  Clyde  &  Co.,  of  Philadelphia,  formerly 
superintendent  of  the  Raritan  and  Delaware  Canal,  stated  to  the  New  York  commis- 
sioners on  canals,  as  the  result  of  his  experience,  that  the  most  economical  boat  or 
barge  for  this  canal  is  110  feet  long  by  23  feet  3  inches  beam,  carrying  300  tons.  Boats 
140  feet  long  and  carrying  500  tons  have  been  trie<l,  but,  on  accohnt  of  extra  ex|)en8e 
of  crew  to  meet  the  increased  difficulty  of  management,  were  not  found  economical. 

The  auditor  of  the  canal  department  of  the  State  of  New  York,  in  his  report  for  the 
fiscal  year  ending  September  30, 1«72,  says  :  "  From  the  experience  of  the  season  of  1872, 
our  canals,  in  their  present  condition,  are  equal  to  all  the  requirements  likely  to  be  de- 
manded of  them  in  1872,  and  have  no  rival  on  the  score  of  cheap  trausportation  at  the 
present  time." 

We  may  rent  satisfied,  then,  that  the  300-ton  boats,  which  would  be  able  to  pass 
through  our  proposed  canal  when  completed,  ar^  the  largest  that  can  be  economically 
handled,  at  least  until  the  tonnage  of  this  canal  shall  exceed  that  of  the  Erie  CanaJf, 
which  for  the  year  ending  with  the  uavigatiug  season  of  lti72  amounted  to  nearly  six 
million  and  a  half  tons. 

As  to  the  question  of  practicabUityy  the  opinion  of  the  whole  board  is 
fully  expressed  in  a  resolution  already  quoted  in  another  conuectioD, 
which  will  be  repeated  here : 

Resolved,  That,  in  the  opinion  of  this  board,  it  is  entirely  practicable  to  connect  the 
waters  of  the  James  and  Ohio  Rivers  by  a  water  navigation  of  7  feet  depth. 

As  to  some  of  the  important  features  of  the  route,  the  opinions  of  the 
board,  as  expressed  in  other  resolutions,  will  be  now  given : 

Besolvedy  That  the  boanl  is  of  the  opinion  that  it  is  entirely  practicable  to  drive  the 
long  tunnel  through  the  AUeghany  Mountains,  by  which  it  is  proposed  to  oonneot  the 
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headwaters  of  the  James  and  Greenbrier  Rivers.  The  cost  of  such  a  tunnel,  34  feet  in 
clear  width,  with  passion-places  for  boats  each  one-fourth  mile,  would  be  about 
^,000,000  per  mile.    The  time  of  completion  need  not  be  over  six  years. 

Id  this  opinion  the  board  was  unanimous. 

Resolved,  That  the  board  is  of  opinion  that  by  the  use  of  reservoirs  on  Anthony's 
Creek  and  the  Greenbrier  River,  a  sufficient  supply  of  water  may  be  had  for  the  tuuuel 
snmmit-level  and  its  dependencies,  and  that  the  supply  of  water  is  also  sufficient  for 
the  portion  of  the  proposed  water-line  east  and  west  of  the  high  level. 

In  this  opinion  the  board  was  unanimous. 

Beaolvedf  That  the  board  is  of  the  opinion  that  it  is  entirely  practicable  to  enlarge  the 
existing  James  River  Canal  and  slack-water  navigation  to  Buchanan,  making  the  locks 
120  by  20  feet,  and  the  width  of  the  canal  at  the  water-line  70  feet,  with  a  depth  of  7 
feet ;  and  to  extend  the  canal  and  slack- water  navigation  of  the  same  dimensions  to  the 
eastern  portal  of  the  long  tunnel,  thus  admitting  the  use  of  boats  of  280  tons  burden. 

In  this  opioion  the  board  was  unanimous. 

Beeoleedy  That,  in  the  opinion  of  the  board,  the  preparation  of  the  Kanawha  River  for 
navigation  from  the  Ohio  to  the  Great  Falls  of  the  Kanawha  by  boats  of  700  tons  is 
entirely  practicable. 

In  this  opinion  the  board  was  unanimous. 

Whereas  there  are  differences  of  opinion  among  members  of  the  board  as  to  the 
practicability  of  lock  and  dam  (or  slack-water)  navigation  of  the  Greenbrier  and  New 
Rivers  between  Howard's  Creek  and  the  Great  Falls  of  the  Kanawha ;  and 

Whereas  the  same  differeuces  of  opinion  prevail  as  to  the  extension  of  the  barge- 
navigation  of  the  Kanawha  above  the  Great  Falls : 

Beeolved,  That,  in  the  opinion  of  this  board,  it  may  be  expedient  to  adopt  canal-navi- 
gation f6r  this  part  of  the  line,  with  occasional  exceptions  where  it  may  be  desirable  in 
consequence  of  peculiarly  favorable  reaches  or  the  necessity  of  water-supply. 

In  this  opinion  the  board  was  unanimous. 

One  member  of  the  board  is  emphatically  of  the  opinion  that  the  use 
of  the  canal  instead  of  the  slack- water  method  is  not  only  expedient  along 
the  portions  of  the  line  mentioned  in  the  last  resolution,  but  that  the 
slack-water  method  is  inapplicable  along  that  portion.  He  will,  no  doubt, 
set  forth  his  views  on  this  subject  witli  the  usual  force  and  clearness  of 
his  expressions.  With  great  deference.  I  feel  unable  to  reach  the  same 
conclusions,  but  do  not  entertain  a  doubt  as  to  the  practicability  of  ex- 
tending the  slack-water  navigation  over  that  portion  of  the  line,  if  neces- 
sary. The  question  of  the  expediency  of  doing  so  may  be  regarded  as 
still  open,  but  my  opinion  is  decided  that,  while  it  may  be  desirable  to 
resort  to  some  tunnels  on  New  Eiver,  with  the  view  of  shortening  dis- 
tance and  time  of  passage,  as  well  as  avoiding  some  probably  unfavor- 
able sites  for  dams,  as  well  as  interference  with  the  railroad,  the  slack- 
water  navigation  of  that  river  should  be  adhered  to,  as  well  as  of  the 
Greenbrier.  By  making  the  change  from  700-ton  boats  to  ordinary 
canal-boats  take  place,  as  suggested  by  one  or  more  members,  near  the 
Great  Falls  of  the  Kanawha  rather  than  at  the  western  portal  of  the  long 
tnnuel,  as  proposed  in  my  report  of  January  27,  1871,  the  cost  of  the 
water-line  would  be  notably  diminished.  Further  surveys  are  necessary, 
and  other  considerations  will  come  in,  (partly  of  an  engineering  and 
partly  of  a  politico-economical  character,)  for  the  final  determination  of 
this  question  of  method  and  scale  of  construction. 

The  following  resolution  was  agreed  to  by  four  of  the  five  members 
of  the  board : 

Seeolced,  That,  in  the  opinion  of  the  board,  the  water-line  by  the  James  River  and 
the  Kanawha  route,  with  7  feet  depth,  may  be  completed  in  six  years,  at  a  cost  of  not 
more  than  $60,000,000,  allowing  an  unnsaally  broad  margin  for  contingencies,  which 
cannot  be  accurately  measured.  The  cost  may  reasonably  be  expected  to  be  within 
f^,QO0,00Of  and  possibly  will  not  exceed  $50,000,000. 
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It  was  understood  that  the  dissenting  member  objected  to  that  part 
of  the  resolution  which  referred  to  the  cost  and  time  of  completion  of 
the  work.  The  views  of  other  members  than  myself  as  to  probable  cost 
will  no  doubt  be  stated  in  their  separate  opinions. 

On  this  subject  I  submit  the  following:  To  my  report  of  January  27, 
1871,  is  appended  Mr.  Turpin's  estimate  for  the  enlargement  of  the  ex- 
isting canal,  which  contains  an  item  of  $1,300,000  for  a  dock  and  ship- 
lock  at  Eichmond,  in  addition  to  a  tide- water  connection  for  the  canal 
proper.  This  item  may,  it  would  seem  to  me,  with  propriety  be  omit- 
ted from  the  estimate  for  the  through  water-line.  The  total  of  the  esti- 
mate of  Messrs.  Hutjon  and  Turpin  for  the  whole  route  was  $47,600,000, 
containing  an  item  of  10  per  cent,  for  contingencies.  Deducting  the 
amount  of  the  estimat>ed  cost  of  the  ship-lock,  $1,300,000,  the  total  esti- 
mate would  be  reduced  to  $46,300,000.  Increasing  this  by  sin  amount 
equal  to  nearly  an  additional  10  per  cent.,  or,  in  fact,  giving  a  margin 
for  contingencies  of  nearly  20  per  cent.,  we  reach  the  sum  of  $50,000,000, 
stated  by  me  as  the  probable  cost  of  the  line. 

The  plan  of  the  tunnel  submitted  in  my  report  of  January  27,  1871, 
contemplated  a  cross-section  of  52  feet  width  and  34J  feet  height.  I 
now  adopt  the  opinion  of  the  board  that  it  is  expedient  (as  a  first  con- 
struction at  least)  to  use  a  tunnel  of  less  width,  providing  passing-places 
at  suitable  intervals. 

This  reduction  in  size  will  reduce  the  cost  of  the  tunnel,  whatever 
scale  of  prices  be  adopted  fpf  the  work.  , 

One  colleague,  Mr.  B.  H.  Latrobe,  whose  great  experience  in  tunnel- 
ing entitles  his  opinions  to  the  highest  consideration,  has  revised  the 
estimates  for  the  tunnel,  and  I  am  willing  to  defer  entirely  to  his  judg- 
ment in  that  matter ;  yet  I  feel  bound  to  ask  attention  to  the  circum- 
stances which  governed  in  fixing  the  scale  of  prices  adopted  in  the  esti- 
mate prepared  by  Mr.  Hutton.  (See  his  report  with  mine  of  January 
27, 1871.)  Besides  relying  upon  his  own  excellent  judgment  and  con- 
siderable experience,  he  took  the  advice  of  the  engineers  of  the  Chesa- 
peake and  Ohio  Railroad,  who  had  driven  a  long  tunnel  in  close  prox- 
imity to  the  site  of  that  proposed  for  the  canal.  In  the  opinion  of  the 
chief  engineer  of  the  Chesapeake  and  Ohio  Koad,  Mr.  H.  D.  Whitcomb, 
(see  his  testimony  before  Senate  Special  Committee  on  Transportation,) 
the  prices  used  by  Mr.  Hutton  were  sufficient.  They  were  more  than 
work  of  a  similar  character  had  been  actually  done  for  on  the  railroad. 
But,  as  stated  before,  I  waive  this  point  altogether,  in  deference  to  Mr. 
Latrobe's  opinion. 

If  the  canal  be  substituted  for  the  slack-water  navigation  as  far  down 
as  the  Great  Falls  of  the  Kanawha,  the  estimate  will  be  still  further  re- 
duced. The  existence  of  the  Chesapeake  and  Ohio  Eailroad  and  of  the 
James  River  Canal,  by  the  facilities  afforded  for  the  transportation  of 
materials,  will  make  the  cost  of  the  improvement  much  less  than  it  would 
otherwise  have  been.  The  price  of  labor  in  that  section  of  country  is 
low,  as  has  been  fully  demonstrated  by  the  cheapness  of  the  excellent 
work  done  upon  the  tunnels  and  other  portions  of  the  railroad. 

As  to  the  annual  expense,  the  board  agreed  unanimously  to  the  fol- 
lowing resolution : 

Resolved,  That,  in  the  opinion  of  the  board,  the  cost  of  maintenance  of  the  water-line 
(repairs  and  administration  included)  should  not  exceed  $1,000,000  per  annum. 

Mr.  Lorraine,  for  many  years  the  chief  engineer  and  superintendent 
of  the  James  Kiver  Canal,  estimated  the  cost  of  maintenance  of  the 
water-line  as  about  $400,000  per  annum.    Mr.  Hutton,  lately  chief  engi- 
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ueer  of  the  Chesapeake  and  Oliio  Oanal,  estimated  the  cost  of  mainte- 
nance of  the  water-line  at  something  less  than  $400,000.  The  experience 
of  the  Erie  Oanal  is  that  the  cost  of  maintenance  is  between  one  and 
two  per  cent,  of  the  total  cost.  While  agreeing  with  the  board  that  the 
cost  of  maintenance  of  the  water  line  should  not  exceed  §1,000,000  per 
annum^  I  feel  confident  it  need  not,  under  proper  management,  exceed 
$750,000. 

Finally  and  summarily,  my  opinion  is,  that  it  is  entirely  practicable 
to  connect  the  waters  of  the  James  and  Ohio  Eivers  by  a  canal  and 
slack-water  navigation  of  7  feet  depth.  The  cost  need  not  under  any 
circumstances,  it  seems  to  me,  exceed  $55,000,000,  probably  not 
$50,000,000,  if  the  work  be  in  the  hands  of  honest  and  competent  engi- 
neers, free  from  improper  influences,  and  supplied  with  funds  as  fast  as 
required.  Under  the  same  circumstances  the  work  may  be  practicably 
completed  in  six  years.  The  portions  to  the  east  and  west  of  the  long 
tunnel  may  be  ready  for  use  in  four  years,  or  sooner. 

The  line  should  not  be  regarded  as  a  rival  of  the  Erie  Canal  and  Hud- 
son River  route,  or  of  the  Mississippi  Eiver  route.  They  are  necessary, 
and  so  is  this  as  an  intermediate  and  supplementary  route.  They  will 
not  be  rivals,  but  all  are  now  actually  needed  to  do  the  pressing  work  of 
the  people.  As  these  wants  increase,  other  similar  Hues  will  become 
equally  necessary,  and  will  be  constructed. 

While  I  think  there  is  at  command  enough  information  to  justify  the 
opinions  given  above,  I  desire  emphatically  to  recommend  an  early  re- 
examination of  nearly  the  whole  route.  Especially  and  first  should  this 
be  done  to  determine  positively  the  best  location  for  the  long  tunnel, 
which  will  take  more  time  for  construction  than  any  other  part  of  the 
line,  and  there  should  be  no  delay  in  commencing  it,  if  the  work  is  to  go 
on  at  all.  The  remaining  portions  of  the  work  might  be  commenced 
two  years  later. 

It  is  perhaps  proper  to  repeat  and  emphasize  the  fact  that  the  addi 
tional  surveys  required  are  not  for  the  purpose  of  demonstrating  the 
practicability  of  the  work  from  end  to  end,  but,  by  gaining  more  minute 
knowledge  of  the  features  of  so  long  a  line,  to  locate  its  details  with  pre- 
cision, and  thereby  Improve  and  cheapen  its  construction. 

At  present  the  estimate  is  an  approximation,  with  a  very  broad  margin 
on  the  side  of  fullness. 

With  further  surveys  the  basis  will  be  provided  for  a  close  estimate, 
which  we  would  expect  to  be  materially  lessened  from  its  present  total. 
Very  respectfully,  your  obedient  servant, 

W.  P.  CRAiaHELL, 
Maj.  of  Engineers^  Bvt.  Lieut  (7oZ.,  U.  S.  A. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  8.  A. 


5. — Letter  to  the  Chief  of  Engineers  of  General  G.  Weitzel. 

New  Tobk,  March  18, 1874. 
Genebal  :  In  addition  to  that  which  is  said  in  the  unanimous  report 
of  the  board  on  the  James  Biver  and  Kanawha  Canal,  I  desire  to  say 
that  I  believe  the  entire  project,  as  presented  to  us  for  report,  is  practi- 
cable. 

The  only  portion  of  the  proposed  manner  of  communication,  about 
which,  in  the  mind  of  one  of  the  members  of  the  board,  the  question 
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of  practicability  has  not  been  settled,  is  the  contemplated  slack-water 
improvement  of  the  Greenbrier,  New,  and  Kanawha  Rivers  to  Paint 
Greek  Shoals. 

But  these  rivers  have  been  repeatedly  as  carefally  examined  and  sur- 
veyed as  the  available  time  and  fands  would  permit.  The  last  one  was 
made  by  Mr.  Lorraine,  in  1872,  under  the  direction  of  Major  Graighill, 
Gori)8  of  Engineers.  "  The  object  of  this  survey  was  chiefly  to  make  a 
detail  location  of  the  locks  and  dams  and  a  more  accurate  estimate  of 
the  cost  of  the  work,  and  also  to  ascertain  to  what  extent  the  Ghes- 
apeake  and  Ohio  Eailroad  and  the  water-line  would  conflict  with  each 
other." 

This  duty  wa«  faithfully  performed,  and  with  as  much  detail  as  the 
funds  allotted  for  the  purpose  permitted.  One  hundred  pages  of  man- 
uscript, containing  details  of  descriptions  of  dams,  &c.,  are  omitted 
from  the  published  report,  but  were  before  the  board. 

The  location  of  the  dams,  in  every  instance,  was  made  with  the  view 
•of  avoidiug,  as  far  as  possible,  without  making  too  great  a  sacrifice  of 
the  interests  of  the  water-line,  all  interference  with  the  railroad.  This 
result  was  accomplished  by  increasing  somewhat  the  number  of  the 
dams,  and  placing  some  in  somewhat  unfavorable  locations.  It  is  fur- 
ther seen  from  this  report  that  of  the  fifty-tour  dams  required  for  this 
work  between  Howard's  Greek  and  the  Great  Falls  of  the  Kanawha, 
forty-two  are  located  on  solid  rock,  and  that  twelve  are  located  ou 
gravel  and  bowlder  foundatipns.  Not  one  of  the  numerous  able  engi- 
neers who  have  surveyed  and  examined  this  part  of  the  work  hereto- 
fore has  expressed  any  opinion  that  it  will  be  impossible  to  do  it.  It 
is  admitted  by  all,  that  between  Beyer's  Ferry  and  the  mouth  of  the 
Gauley  River,  owing  to  the  contraction  of  New  River  and  the  increased 
velocity  of  the  stream,  the  work  will  be  more  difficult  and  expensive  than 
at  other  portions  of  tne  work. 

The  opinion  of  these  engineers  that  this  part  of  the  route  is  practi- 
cable is  corroborated  in  the  strongest  language  by  at  least  one  very 
experienced  builder  of  locks  and  dams,  who  is  thoroughly  acquainted 
with  this  locality. 

This,  together  with  the  personal  inspection  of  the  localities  made  by 
the  board,  leads  me  to  the  opinion  that  this  part  of  the  work  is  practica- 
ble. It  may,  however,  appear  by  additional  surveys  that  some  portions 
of  this  particular  part  of  the  improvement  can  be  bettered  by  additional 
canals  and  tunnels,  and  this  at  probably  not  too  large  an  extra  expense. 

Major  Graighill,  who  was  in  charge  of  the  recent  surveys  of  this  work, 
requested  the  sum  of  $25,000  to  make  further  examinations,  as  appears 
from  his  official  reports. 

I  am  of  the  opinion  that  the  whole  of  the  Kanawha  River,  from  the 
Great  Falls  to  its  mouth,  should  be  improved  by  locks  and  dams  through- 
out, or  on  the  second  plan  suggested  by  Mr.  Lorraine.  I  believe  that 
this  will  be  more  reliable  than  the  method  by  open  sluice-dams,  and 
that  this  element  of  certainty  warrants  the  additional  expense  which 
this  plan  will  entail.  It  has  been  a  perfect  success  on  the  Monongahela 
'  River,  and  would  be  of  great  value  as  an  additional  experiment  to  de- 
cide the  proper  plan  to  be  adopted  for  the  improvement  of  the  Gpper 
Ohio  River. 

With  regard  to  the  cost  of  the  improvement,  I  desire  to  say  that  the 
work  of  revising  the  estimates  was  placed  in  the  hands  of  a  sub-com- 
mittee, of  which  the  eminent  civil  engineer  who  was  associated  with 
us  was  a  member.    He  naturally  did  most  of  the  work  of  this  sub- 
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committee,  and  made  a  report  indorsing,  in  general,  the  safflciency  ot 
the  estimates. 

In  addition,  the  board  was  accompanied  on  its  personal  inspection  ot 
portions  of  the  line  by  the  chief  engineer  of  the  Chesapeake  and  Ohio 
Railroad,  the  8U[)erintendent  and  chief  engineer  of  the  James  River 
and  Kanawha  Canal,  and  by  a  contractor  on  the  rs^ilroad  of  long  expe- 
rieoce  in  similar  works  in  the  locality  of  the  proposed  water-line. 

All  have  had  the  experience  so  valuable  to  decide  this  point,  and  all 
agree  that  the  work  can*  be  done,  if  properly  conducted,  for  the  prices 
stated  in  Major  Craighill's  official  report;  that  is,  $50,000,000,  in  round 
nambers. 

I  believe  this  to  be  trae;  yet  I  admit,  with  three  other  members  of 
the  board,  that  a  change  in  the  plans,  which  might  be  decided  upon 
after  farther  surveys,  might  increase  the  cost  of  the  work  to  fifty-five 
or  even  sixty  million  dollars. 

Bat,  in  my  opinion,  even  if  it  should  cost  five  millions  more  than  the 
extreme  figure  mentioned,  it  should  be  built,  on  account  of  the  great 
benefit  it  would  prove  to  the  country,  as  will  be  seen  from  the  fol- 
lowing: • 

Its  capacity  is  stated  by  Mr.  Hntton  as  follows : 

On  the  Erie  Canal,  198  boats  have  actually  been  passed  through  a  single  lock  in  one 
day.  We  may  then  safely  assume  a  capacity  for  180  boats.  The  tonnage  of  the  boats 
which  wiU  be  used  will  bo  about  280  tons ;  l>nt,  as  tbe  freight  going  West  will  not  be 
more  than  one-fourth  of  that  from  the  West,  we  will  average  them  at  180  tons,  which 
will  aUow  a  tiade  of  9,720,000  tons  per  annum,  or  for  a  season  of  300  days. 

•A  canal  of  this  capacity  can,  therefore,  do  the  work  for  at  least  three 
fii'stclass  railroads,  but  has  the  great  advantage  over  the  latter  that  it 
does  the  work  so  much  cheaper. 

The  average  per  ton  per  mile  carried  by  the  Erie  Canal  in  1869  was 
one  cent.  The  average  on  the  New  York  Central  and  Erie  roads  was 
2.08^  cents.  This  undoubtedly  included  through  and  way  freights.  I 
believe  it,  at  the  present  day,  a  comparison  somewhat  unjust  toward 
canals  to  say  that  a  ton  of  through-freight  can  be  carried  a  mile  by  rail 
for  one  cent,  and  by  canal  for  one-half  cent. 

Now,  supposing  the  three  railroads  built,  and  assuming  that  they 
were  only  two-thirds  as  long  (about  four  hundred  miles)  as  this  improve- 
ment, and  supposing  the  difference  in  cost  of  transportation  per  ton  per 
mile  were  only  one-half  cent,  and  the  whole  line  were  a  canal,  the  saving 
iu  freight  in  one  year  by  the  water-line  to  the  commerce  of  the  country, 
if  it  carried  less  than  two-thirds  of  its  capacity,  (say  0,000,000  tons,) 
would  be  as  follows: 

By  rail,  6,000,000  tons,  400  miles,  at  I  cent  per  ton  per  mile $24, 000, 000 

By  James  River  and  Kanawha  Canal,  6,000,000  tons,  602  miles,  at  i  cent 
per  ton  per  mile 18,060,000 

Saving  in  one  year 5,940,000 

or  nearly  $6^000,000,  or  about  one-tenth  of  the  extreme  estimated  cost  o^ 
the  work. 

This,  to  some,  would  probably  appear  astounding.  But  the  history  of 
the  Erie  Canal  shows  the  value  of  such  improvements.  The  cost  of  this 
canal  up  to  1863,  with  enlargement,  was  $38,977,831,  which  sum  w  ith  in- 
terest had  amounted  to  $52,491,915.  Its  gross  earnings  during  the  same 
period  were  $71,783,676 ;  its  expenses,  $12,578,860 ;  its  net  earnings  were 
therefore  $59,264,812,  or  nearly  $7,000,000  above  its  cost,  with  interest. 
Tlie  amount  of  ireight  shipped  by  this  canal  in  1868  was  6,442,225  tons, 
80  that  i  do  not  think  I  assume  too  much  when  I  estimate  the  amount 
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of  freight  per  annatn  on  the  proposed  improveracDt  at  6,000,000  tons, 
especially  when  it  is  borne  in  mind  that  this  will  on  an  average  be  used 
two  and  a  half  months  in  the  .year  more  than  the  Erie  Canal. 

But  in  another  greater  way  it  benefits  the  commerce  of  the  country. 
It  is  a  well-known  fact  that  only  a  short  period  after  the  grain  of  the 
Northwest  is  ready  to  be  shipped  to  the  eastern  markets  the  Erie  and 
Canadian  Canals  freeze  up  and  navigation  on  the  lakes  is  suspentled. 
Oidy  a  small  portion  of  the  immense  products  of  the  West  have  reached 
the. sea-shore.  The  rail  can  only  transport  a  small  portion  of  the  re- 
mainder. The  farmers  who  can  hold  their  crop  until  spring  are  affected 
only  in  losing  the  interest  on  the  value  of  their  property ;  but  the  mass 
of  them,  who  cannot  do  this,  must  sacrifice  their  best  interests  to  meet 
current  expenses  and  payments,  while  at  the  same  time  the  consumer 
at  the  East  is  obliged  to  pay  prices  out  of  proportion  with  those  received 
by  the  producer,  because  the  present  facilities  for  transporting  property 
are  inadequate.  Now,  just  at  this  juncture  the  Ohio  River  and  its 
tributaries  receive  their  good  boating  stage,  and  this  improvement 
would  enable  the  continued  shipment  through  nearly  all  the  time  the 
lake  and  Erie  Canal  route  is  closed.  This  would  be  a  great  benefit. 
Suppose,  on  account  of  the  ice  that  might  form  in  the  river  and  canal, 
only  2,000,000  tons  of  wheat  are  thus  delivered  East.  This  would  be 
about  60,000,000  bushels.  Now,  this  amount  of  wheat  arriving  East  at 
such  a  juncture  would  benefit  the  people  at  least  to  the  amount  of 
25  cents  per  bushel,  and  also  the  farmers  of  the  West  the  same  amount. 
The  benefit  to  the  country  each  year  would  be,  therefore,  on  this  account 
alone,  at  least  $30,000,000.  But  the  ice  in  the  river  and  canal  will  never 
cause  much  delay. 

The  greatest  obstruction  to  this  route  will  occur  (until  the  Ohio  River 
is  improved  throughout)  when  the  river  is  at  a  low  stage.  This  always 
occurs  when  the  lakes  and  Erie  Canal  route  are  oi)en.  It  averages  about 
sixty  days  in  a  year.  The  obstruction  to  it  by  ice,  at  farthest,  will  not 
average  more  than  fifteen  days  in  each  year;  so  that  now,  even  with 
an  unimproved  Ohio,  this  projected  work  would  give  9J  mouths  of  un- 
obstructed communication  between  East  and  West,  and  during  four  and 
a  half  of  the  five  months  when  the  lake  and  PJrie  Canal  routes  is  closed. 
It  would  thus  secure  an  almost  uninterrupted  communication  between 
the  producers  and  consumers;  give  stability  to  and  cheapen  freights 
and  prices,  and  thus  benefit  to  a  very  great  degree  the  commerce  of  the 
country,  both  East  and  West. 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

G.  Weitzel, 
Major  of  Engineers. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers. 


Proceedings  of  a  Board  of  Engineers  constituted  hy  Special  Orders  Xo.  17,  from  the  War  De~ 
p€^tmentf  dated  Adjutant- GeneraVs  Office,  WashingtoHj  January  27,  1<;74. 

Richmond,  Va.,  February  5, 1874. 

The  board  met  at  10  a.  ni.,  all  the  members  being  present. 

Tbe  order  appointing  the  board  was  then  read,  and  also  tbe  letter  of  instructions 
from  tbe  Cbief  of  Engineers  to  Col.  J.  G.  Barnard,  of  tbe  Corps  of  Engineers :  the 
lettt^r  from  tbe  Chief  of  Engineers  to  Mr.  B.  H.  Latrobe.  and  a  letter  from  the  Hon. 
H.  G.  Davis,  United  States  Senator,  to  the  Hon.  W.  W.  Belknap,  Secretary  of  War. 

A  commanication  from  Mr.  H.  D.  Bird,  of  Petersbnrg,  Va.,  to  Colonel  Barnard  was 
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made  to  the  board,  which  communication  recommended  making  Petersburg,  instead 
of  Richmond,  the  eastern  terininus  of  the  canal. 

Then,  after  a  short  discussion  and  consnltation,  the  board  proceeded  to  the  examina- 
tion of  the  canal  in  the  immediate  vicinity  of  Richmond,  passing  up  through  three 
locks  to  the  Powhatan  Iron-Works  and  back  to  the  city.  The  boarcl  then  adjourned 
to  meet  again  next  day  to  proceed  with  the  examination. 

Richmond,  Va.,  February  6,  1874. 

The  board  proceeded,  at  10  a.  m.,  to  examine  the  locks  of  the  canal  from  the  basin 
to  the  river,  and  returned  to  the  office  of  the  James  River  improvement  at  11/25. 

The  board  then  met,  and  the  proceedings  of  the  last  meeting  were  read  and  ac- 
cepted. 

Major  C^raighill  then  submitted  to  the  board  a  list  of  documents  and  maps  to  be 
placed  before  them  for  their  information. 

The  board,  after  consultation,  decided  to  visit  Charleston,  W.  Va.,  as  the  initial 
point  for  the  fui-ther  examination  of  the  route. 

Mf^or  Gillmore  submitted  the  following  resolution  to  the  board,  which  was  adopted, 
viz: 

Eeaolvedj  That  W.  C.  Wickham,  esq.,  president,  and  H.  D.  Whitcomb,  esq.,  chief 
engineer  of  the  Chesapeake  and  Ohio  Railroad,  be  invited  to  accompany  the  board  on 
their  trip  to  Charleston  and  other  points  on  the  line  of  the  James  River  and  Kanawha 
Canal. 

Major  Gillmore  then  submitted  to  the  board  a  second  resolution,  as  follows,  viz  : 

Besolvedf  That  the  board  will  meet  in  the  city  of  New  York  to  prepare  their  rei»ort, 
their  time  for  meeting  to  be  fixed  after  completing  the  examination  uf  the  line  of  the 
canal,  or  such  portions  thereof  as  they  may  decide  to  visit. 

This  resolution  was  adopted. 

The  board  then  adjourned  to  meet  a  committee  of  the  general  assembly  of  the  State 
of  Virginia,  which  was  appointed  to  tender  certain  courtesies  on  behalf  of  the  State. 

At  8.45  p.  m.  the  board  took  their  departure  for  Charleston,  W.Vd.,  arriving  there 
about  3.30  p.  m  on  the  7th. 

The  board  left  Charleston  at  9  a.  m.  on  the  9th  for  the  examination  of  the  route  east- 
ward, stopping  at  Cannelton  and  the  Great  Falls  of  the  Kanawha,  and  examining  the 
Great  Bend  tunnel  of  the  Chesapeake  and  Ohio  Railroad,  and  arrived  at  the  White 
Sulphur  Springs  about  5  p.  m. 

The  examination  of  the  route  from  the  Great  Falls  of  the  Kanawha  to  the  (UbouM 
of  the  proposed  tunnel,  near  Howard's  Creek,  was  continued  in  detail,  the  train  mov- 
ing at  a  slow  rate  of  speed  fur  that  purpose. 

February  10, 1874. 

The  board  left  White  Sulphur  Springs  about  1  p.  m.,  and  examined  the  Alleghany 
tunnel  of  the  Chesapeake  and  Ohio  Railroad,  the  locality  of  the  eastern  end  ot  the  pro- 
posed tunnel  for  the  James  River  and  Kanawha  Canal,  and  the  Lewis  tunnel  of  the 
Chesapeake  and  Ohio  Railroad,  and  stopped  a  few  moments  at  the  crossing  of  Brush 
Creek. 

Resolutions  were  adopted  appreciative  of  the  courtesy  of  G  neral  \V.C.  Wickham, 
president  of  Chesapeake  and  Ohio  Railroad;  Mr.  H.  i>.  Whitcomb,  chief  engineer 
Chesajieake  and  Ohio  Railroad ;  Colonel  C.  S.  Carrington,  president  of  James  River  and 
Kanawha  Canal ;  Mr.  J.  H.  Harris,  chief  engineer  of  James  River  and  Kanawha  Canal, 
and  Mr.  W^illiam  R.  Huttou,  the  first  for  having  provided  a  special  train  for  the  use  of 
the  board,  and  the  others  for  accompanying  them  on  their  examination  of  a  portion  of 
the  route  of  the  James  River  and  Kanawha  Canal. 

The  following  resolution,  submitted  by  Migor  Weitzel,  was  adopted  by  the  board, 
viz: 

lUsolred,  That  Mr,  B.  H.  Latrobe  and  Major  Craighill  be  appointed  a  sub -committee 
to  examine  and  revise  the  estimates  of  cost  of  the  proposed  line  of  water-communica- 
tion between  the  James  River  and  the  Ohio,  and  that  they  are  hereby  requested  to 
make  a  report  of  such  examination  and  revision  at  the  meeting  of  the  board  in  New 
York  City. 

Goshen,  Va.,  was  reached  about  5  p.  m.,  where  the  board  remained  for  the  night. 

Fkbruary  11, 1874. 

The  board  loft  Goshen,  Va.,  at  9  a.  m.,  all  the  members  proceeding  to  Lynchnrg,  Va., 
via  Charlottesville,  Va.,  with  the  exception  of  Major  Weitzcl,  who  proceeded  direct  to 
Richmond,  Va.,  thence  to  his  station  at  Detroit,  to  await  the  call  of  the  president  for 
the  meeting  in  New  York. 

Migor  Gillmore  and  Lieutenant  Turtle  at  once  proceeded  to  Richmond  by  the  canal. 
Colonel  Barnard,  Mr.  Latrobe,  and  Migor  Craighill  remaining  in  Lynchburg. 
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February  12, 1874. 
Colonel  Barnard,  Mr.  Latrobe,  and  Major  Craighill  made  an  examination  of  the 
canal  as  far  westward  as  Judith  Pond,  eight  miles  from  Lynchburg;  Colonel  Barnard 
proceeded  to  New  York;  Major  Gillmore  and  Lieateaant  Turtle  were  en  route  to 
Richmond. 

February  13, 1874. 
Msuor  Gillmore  and  Lieutenant  Turtle  reached  Richmond  about  6  a.  m. ;  Mr.  Latrobe 
and  Major  Craighill  left  Lynchburg  for  Richmond,  Va.,  by  the  canal ;  Major  Gillmore 
left  Richmond  for  his  station,  to  await  the  call  of  the  president  tor  the  meeting  in  New 
York. 

February  14, 1874. 
Mr.  Latrobe  and  Major  Craighill  were  en  route  to  Richmond,  Va.,  by  canaL 

February  15, 1874. 
Mr.  Latrobe  and  Major  Craighill  arrived  in  Richmond  about  6  a.  m. 

February  16, 1874. 
Mr.  Latrobe  and  Major  Craighill,  after  an  examination  of  Dutch  Gap,  proceeded 
this  evening  to  Baltimore,  Md.,  and  Lientenant  Turtle,  on  the  following  day,  to  Old 
Point  Comfort,  Va.,  to  await  the  call  of  the  president  for  the  meeting  in  New  York. 
Approved. 

J.  G.  Barnard, 
Col,  Engineers  and  Bvt.  MaJ,  Gen.,  Preeident  of  ike  Board, 
Thomas  Turtle, 

First  Lieut,  of  Engineers^  U.  8,  A.,  Recorder, 


Proceedings  of  Board  of  Engineers  on  ike  James  River  and  Kanawha  Canal^  at  the  eesaion  in 

New  York  City. 

New  York,  March  9, 1874. 

The  board  met  at  10.40  a.  m.,  in  accordance  with  the  call  of  the  president,  all  the 
members  and  the  recorder  being  present. 

The  record  of  proceedings  from  February  6  to  the  departure  of  the  several  members 
to  their  stations,  was  read  and  accepted. 

Mr.  Latrobe  and  Major  Craighill  were  called  upon  for  a  report  of  their  examination 
and  revision  of  the  estimates  of  the  cost  of  the  proposed  improvement.  A  ver- 
bal report  was  miule  to  the  effect  that  no  written  statement  had  been  prepared,  "as 
it  was  supposed  the  estimates  might  cfJl  for  a  good  deal  of  discussion.^'  Mr.W.  G. 
Turpin,  who  made  the  survey  from  Richmond  to  the  mouth  of  the  Fork  Run,  under 
the  direction  of  Major  Craighill,  had  been  examined,  and  his  estimates  had  been  taken 
as  correct,  and  believed  to  be  so. 

Mr.  W.  R.  Hutton,  who  made  the  survey  of  the  proposed  route  from  the  month  of 
the  Fork  Run  to  the  mouth  of  Howard's  Creek,  which  includes  the  tunnel,  had  been 
questioned  on  bis  estimates.  To  enable  them  to  judge  further  upon  the  estimates  for 
this  portion  of  the  line,  they  had  gone  to  the  Hoosac  tunnel,  and  are  expecting  a  report 
on  estimates  from  I^Vost,  the  chief  engineer. 

''The  estimates  of  quantities  and  prices  from  Howard's  Creek  were  examined,  and 
Mr.  J.  H.  Harris,  who  was  employed  on  the  survey,  aud  who  prepared  the  report  after 
the  death  of  Mr.  E.  Lorraine,  was  questioned  relative  to  these  quantities  and  prices, 
and  they  were  generally  taken  as  correct.  Exceptions  were  made  in  regard  to  contin- 
gencies, which  would  be  very  indeterminate.  When  Mr.  Frost's  letter  will  be  received, 
they  will  be  prepared  to  make  a  written  report,  should  it  be  so  desired." 

Mr.  W.  G.  Turpin,  who  had  signified  his  intention  to  appear  before  the  board  if  'so 
required,  was  informed  by  telegraph  tha4;  his  presence  would  not  be  necessary,  in 
words  as  follows : 

Mr.  W.  G.  TuRPm, 

317  Gary  Street^  Richmond j  Va, : 
The  board  is  satisfied  with  Mr.  Latrobe's  report  of  your  estimates.    Your  coming  on 
is,  therefore,  not  necessary. 

Thomas  Turtle, 
Lieutenant  of  Engineers,  Recorder, 

Mr.  J.  M.  Harris,  chief  engineer  of  the  James  River  and  Kanawha  Company,  was 
then  called  before  the  board.  His  report  to  Major  Craighill,  dated  Richmond,  Va., 
April  1,  1S73,  was  read  in  his  presence,  and  explanation  of  the  various  matters  con* 
taiueil^iu  ijaid  report  obtained  from  him.    The  examination  of  the  report  was  coutin- 
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ned  from  the  initial  point  of  Mr.  Harris's  survey  at  the  nioath  of  Howard's  Creek,  to 
ioclade  dam  No.  38  at  the  month  of  the  Ganley ;  when,  at  3.40  p.  di.,  the  board  ad- 
Joarned  to  meet  to-morrow,  March  10,  at  11  a.  m. 

March  10, 1874—11  a.  m. 

The  board  met  puranant  to  adjournment. 

The  report  of  proceedings  of  yesterday  was  read« 

It  was  suggested  by  Midor  Craighill  that,  as  Mr.  Turpin's  name  was  mentioned  in 
coDoection  with  his  work,  Mr.  Harris  and  Mr.  Hntton  receive  like  attention. 

This  change  being  introduced,  the  report  was  accepted. 

A  letter  from  Major  Craighill  to  General  Barnard,  dated  February  17, 1874,  was  read, 
and  ordered  to  be  inserted  as  part  of  the  records  of  the  board.    The  letter  is  as  follows  : 

United  States  Engineer  Office, 

Baltimore,  Md.,  February  17,  1874. 
General  :  Before  the  board  proceeds  to  the  examination  of  the  maps  and  drawings 
connected  with  the  enlargement  of  the  existing  canal,  known  as  the  «James  River  and 
Kanawha,  and  Its  extension,  so  as  in  connection  with  the  Greenbrier,  New,  and  Kana- 
wha Rivers,  to  become  what  is  called  the  **  central  water-line,"  I  wish  to  call  atten- 
tion to  the  fact  that,  while  I  deem  the  data  collected  and  the  surveys  made  at  the 
time  of  my  report,  as  well  as  at  this  time,  sufficient  to  warrant  the  opinion  that  it  is 
practicable,  at  a  cost  of  about  $50,000,000,  in  six  years,  if  the  funds  be  supplied  as  &st 
as  needed,  lo  make  a  water-line  of  seven  feet  depth  of  water,  with  dimensions  of  locks, 
dx.,  as  given  in  my  reports  and  the  sub-reports  thereto  attached,  I  by  no  means  wish 
to  be  understood  as  submitting  other  than  suggestions  and  approximations  as  to  de- 
tails and  definitive  location ;  these  approximations,  being  as  near  the  truth  as  possi- 
ble—the effort  having,  however,  always  been  to  have  the  estimates  so  full  and  ample 
as  to  cover  contingencies  of  changes,  Ag,  Neither  the  time  nor  the  means  at  my  dis- 
posal have  allowed  anything  more,  and  in  this  connection  I  desire  especially  to  ask 
attention  to  the  closing  paragraph  of  my  report  of  January  27, 1871,  which  is  in  the 
following  words :  *'  Should  it  be  decided  by  the  national  authorities  to  proceed  with 
this  work,  additional  surveys  wiU  be  necessary  for  the  definite  determination  of  the 
location  in  detail.  These  surveys  should  be  immediately  undertaken,  and  a  sum  not 
less  than  9^5,000  shonld  be  appropriated  for  them."  No  sach  sum  has  since  been  at  my 
disposal. 

Very  respectfully,  your  obedient  servant, 

Wm.  p.  Craighill, 

Major  of  Engineers. 
General  J.  G.  Barnard, 

President  Board  of  Engineers, 

Mr.  Harris  being  again  before  the  board,  the  estimates  of  the  different  dams,  and  of 
the  Great  Bend  tunnel  as  an  alternative  proposition,  were  examined  in  detail. 

The  reading  and  examination  of  Mr.  Harris's  report  was  completed  at  3.30  p.  m.;  the 
board  a^jonmed  to  meet  to-morrow,  March  11,  at  11  a.  m. 

March  11, 1874—11.15  a.m. 

The  board  met  pursuant  to  adjournment. 

The  report  of  proceedings  of  yesterday  was  read,  and,  after  some  change  in  the  phrase- 
ology, was  accepted. 

Mr,  W.  R.  Hntton  was  before  the  board.  His  report  of  December  28, 1870,  to  Mt^or 
Craighill,  was  read  in  his  presence,  and  various  questions  were  asked  him  relative  to 
diffiB»9nt  portions  of  the  same.  The  examination  of  this  report  was  completed,  and  at 
3.15  p.  m.  the  board  acUonmed  to  meet  to-morrow,  March  12,  at  11  a.  m. 

March  12, 1874—11.10  a.  m. 

The  board  met  pursuant  to  a^oumment. 

The  report  of  proooedhigs  of  yesterday  was  read. 

Mr.  W.  R.  Hntton  and  Mr.  J.  M.  Harris  were  before  the  board.  Mr.  Hntton  was  re- 
tained nntil  1 1>.  m. 

An  examination  of  maps  of  the  route  from  the  eastern  portal  of  the  tunnel,  eastward, 
was  made. 

At  2.30  p.  m.  the  board  adjourned  to  meet  to-morrow,  March  13,  at  1  p.  m. 

BIarch  13, 1874—1.20  p.m. 
The  board  met  pursuant  to  adjournment. 
The  report  of  proceedings  of  yesterday  was  read  and  accepted. 
Mr.  Latrobe  read  to  the  board  a  written  expression  of  opinions  and  suggestions,  and 
sabmitted  a  sketch  explanatory  of  certain  propositions  in  regard  to  the  tunnel. 
Similar  expressions  of  opinion  were  read  by  the  other  members  of  the  board. 
Adjourned  at  3  p.  m.,  to  meet  to-morrow  at  11  a.  m. 
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March  14, 1874—11.30  a.  m. 

The  board  met  pursuant  to  adjonrnmeDt. 

The  report  of  proceedings  of  the  previous  day  was  read  and  accepted. 

Colonel  Barnard  and  Mr.  Latrobe  read  some  remarks  additional  or  supplementary  to 
their  written  opinions  of  yesterday. 

A  series  of  resolutions  was  then  offered  as  follows : 

No.  1.  Offered  by  Major  Craighill : 

Resolved,  That  while  the  board  is  of  opinion  that  for  ordinary  passenger  travel  and 
many  kinds  of  freight  the  railroad  will  be  properly  preferred  as  to  the  means  of  trans- 
portation, there  can  be  no  reasonable  questioning  of  the  fact  that  when  tlie  circnui- 
Btances  are  such  that  comparative  slowness  of  movement  is  permissible,  and  the  quan- 
tities to  be  moved  large,  the  cheapness  of  transportation  by  water  becomes  obvious  to 
every  one  who  fairly  weighs  the  statistics  on  the  subject.  In  this  view  very  great  bene- 
fits to  commerce  would  be  derived  from  the  construction  of  a  water  communication 
from  east  to  west  between  the  James  and  Ohio  Rivers. 

This  resolution  was  adopted  unanimously. 

No.  2,  Offered  by  Migor  Craighill : 

Resolved,  That  the,  board  is  of  opinion  that  it  is  entirely  practicable  to  drive  the 
long  tunnel  through  the  Alleghany  Mountain,  by  which  it  has  been  proposed  to  con- 
nect the  headwaters  of  the  James  and  Greenbrier  Rivers.  The  cost  of  such  a  tunnel, 
34  feet  in  clear  width,  with  passing-places  for  boats  each  one-fourth  of  a  mile,  would 
be  about  $2,000,000  per  mile.     The  time  of  execution  need  not  be  over  si/  years. 

This  resolution  was  adopted  unanimously. 

No.  3.  Offered  by  Major  Craighill : 

Resolved,  That  the  board  is  of  opinion  that  by  the  use  of  reservoirs  on  Anthony's 
Creek  and  the  Greenbrier  River  a  sufficient  supply  of  water  may  be  had  for  the  require- 
ments of  the  tunnel  summit-level  and  its  dependencies,  and  that  the  supply  of  water 
is  also  sufficient  for  the  portions  of  the  proposed  water-line  east  and  west  of  the  high 
level. 

This  resolution  was  adopted  unanimously. 

No.  4.  Offered  by  Major  Craighill. 

Resolvedf  That  the  board  is  of  the  opinion  that  it  is  entirely  praeticable  to  enlarge 
the  existing  James  River  Canal,  making  the  locks  12U  feet  by  20  feet,  and  the  width  of 
the  canal  at  the  water-line  70  feet,  with  a  depth  of  7  feet ;  and  to  extend  the  canal  and 
slack-water  navigation  of  the  same  dimensions  to  the  eastern  portal  of  the  long  tunnel, 
thus  admitting  tTie  use  of  boats  of  280  tons  burden. 

This  resolution  was  adopted  unanimously. 

No.  5.  Offered  by  Major  Craighill : 

Resolved,  That,  in  the  opinion  of  the  board,  the  preparation  of  the  Kanawha  River 
for  navigation  from  the  Ohio  to  the  Great  Falls  of  the  Kanawha  for  boats  of  700  tons 
is  entirely  practicable. 

This  resolution  was  adopted  unanimously. 

No,  6.  Offered  by  General  Barnard: 

Whereas  there  are  differences  of  opinion  among  members  of  the  board  as  to  the 
practicability  of  lock  aud  dam  (or  ^^slack-water'')  navigation  of  the  Greenbrier  and 
New  Rivers,  between  Howaixl's  Creek  and  the  Grpat  Falls  of  the  Kanawha  j  and 
whereas  the  same  differences  prevail  as  to  the  extension  of  the  barge-navigatiou  of 
the  Kanawha  above  the  Great  Falls : 

Resolved,  That,  in  the  opinion  of  the  board,  it  may  be  expedient  to  adopt  canal 
navigation  for  this  part  of  the  line,  with  occasional  exceptions,  where  it  may  be  desir- 
able in  consequence  of  peculiarly  favorable  reaches  or  the  necessities  of  wateV-supply. 

This  resolution  was  adopted  unanimonsly. 

No.  7.  Offered  by  General  Barnar^i  as  supplementary  to  No.  1 : 

Whereas  the  James  River  and  Kanawna  route  being  among  the  few  south  of  the 
Erie  Canal  route  over  which  it  appears  practicable  to  establish  a  water-navigation 
connecting  by  the  Ohio  the  immense  internal  navigation  of  the  Great  Mississippi 
Valley  with  the  sea-ports  of  the  Atlantic ;  and  whereas  it  will  probably  furnish  the 
most  dii*eet  connection  ;  and  whereas  the  route  has  very  great  local  ailvaiita^es  of 
climate,  owing  to  which  it  will  be  comparatively  little  obstructed  by  ice,  and  of  a 
geological  character  connecting  the  richest  coal-fields  of  the  world,  now  lying  almost 
undeveloped  for  want  of  adequate  means  of  removal,  with  the  markets  oV  the  world, 
and  at  the  same  time  with  the  almost  equally  rich  region  of  iron  and  other  ores  in  the 
Virginia  Valley :  Therefore,  "  • 

Resolved,  That,  in  the  opinion  of  the  board,  this  route  presents  extraordinary  claims 
as  the  measure  of  relief  to  the  population  of  the  Western  States,  in  furnishing  them 
for  their  bulky  productions  cheap  transportation  to  a  market  and  for  fostering  the 
commerce  of  the  United  States  by  developing  immense  mineral  resources  now  neg- 
lected. 

This  resolution  was  adopted  unanimonsly. 

No.  8.  Offered  by  M^jor  Craighill : 
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Resolv^f  That,  in  the  opinion  of  the  board,  the  cost  of  maintenance  (repairs  and 
adraiDistration  inchided)  of  the  water-line  should  not  exceed  $1,000,000  per  annum. 

This  resolution  was  nnauimously  adopted. 

No.  9.  Offered  by  M^or  Craighill. 

Resolvedy  That  while  the  estimates  have  hitherto  been  limited  to  a  water-line  with 
canal-locks  120  feet  by  20  feet,  and  slack-water  of  240  feet  by  40  feet,  the  board  is  of 
opinion  that  the  canal-locks  should  be  built  of  23  feet  to  24  feet  width,  with  a  corre- 
spoudmg  Increase  in  the  width  of  the  slack-water  locks,  with  a  view  to  increased  ca- 
pacity for  the  line  in  future,  if  demanded,  as  this  additional  width  can  be  economically 
given.  Additional  depth  could  thereafter  be  readily  obtained  to  as  great  an  extent  as 
the  waterrsupply  would  permit  by  raising  the  walls  and  banks. 

This  resolution  was  adopted,  Colonel  Barnard  voting  in  the  negative. 

No.  10.  Offered  by  Major  Craighill : 

Besolvtd,  That,  in  the  opinion  of  this  board,  it  is  entirely  practicable  to  connect  the 
waters  of  the  James  and  Ohio  Rivers  by  a  water-navigation  7  feet  in  depth. 

Adopted  unanimously. 

No  11.  Offered  by  Major  Craighill : 

Be$olved,  That,  in  the  opinion  of  the  board,  the  water-line  by  the  James  River  and 
Kanawha  route,  with  7  feet  depth,  may  be  completed  in  six  years,  at  a  cost  of  not  more 
than  $60,000,000,  allowing  an  unusually  broad  margin  for  contingencies,  which  cannot 
be  accurately  measured.  The  cost  may  reasonably  be  expected  to  be  within  $55,000,000, 
and  may  possibly  not  exceed  $50,000,0)00. 

This  resolution  was  adopted,  Colonel  Barnard  voting  in  the  negative. 

No.  12.  Offered  by  Mr.  Latrobe  : 

Whereas  the  time  within  which  the  line  of  this  improvement  can  be  opened  to  the 
trade  of  the  West,  so  urgently  demanding  a  new  outlet  to  the  seaboard,  must  depend 
npon  the  completion  of  its  roost  difficult  work,  the  earliest  possible  commencement  of 
the  long  Alleghany  tunnel  is  highly  desirable,  and  is  earnestly  recommended  by  the 
board,  while  surveys  for  the  definite  location  for  the  whole  line  of  the  improvement 
should  be  also  begun  without  delay,  in  order  that  all  the  questions  relating  to  its  plan 
may  be  determined  in  time  to  avoid  delay  in  its  completion  simultaneously  with  the 
tunnel. 

This  resolution  was  adopted.  Colonel  Barnard  voting  in  the  negative. 

The  board  adjourned  at  3.30  p.  m.,  to  meet  Tuesday,  March  17,  at  11  a.  m. 

March  17, 1874. 

The  board  met  at  1.20  p.  m.,  the  time  of  meeting  having  been  postponed  by  the  presi- 
dent from  11  a.  m.,  as  the  general  report  in  preparation  by  him  was  not  yet  completed. 

The  record  of  proceedings  of  March  14  was  read  and  accepted. 

The  general  report  was  then  read  by  the  president  and  adopted  by  the  board. 

The  following  resolution  was  presented  by  Mr.  Latrobe  and  adopted  by  the  board, 
viz: 

Beaolved,  That  the  board  tender  their  thanks  to  their  president  for  the  cleax,  concise, 
and  able  manner  in  which  he  has  embodied  their  views  in  the  report  which  he  has  just 
read. 

A  resolution  was  then  presented  by  Mf^or  Craighill,  as  follows  : 

Resolved,  That  the  board,  when  it  adjourns  to-day,  meet  on  the  19th,  at  1  p.  m.,  when 
the  separate  papers  of  the  members  will  be  submitted  and  read  before  the  board,  to  be 
thereafter,  as  soon  as  practicable,  sent  to  the  Chief  of  Engineers  with  the  generic 
report. 

This  resolution  was  adopted,  and  at  2.30  p.  m.  the  board  acyourned,  in  accordance 
with  the  terms  of  the  resolution. 

1.15  p.  M.,  March  19, 1874. 

The  board  met  pursuant  to  ^cljoiimment.  Major  Weitzel  was  absent,  he  having  been 
excused  from  furtner  attendance  by  the  president  after  the  presentation  of  his  special 
remarks  yesterday. 

Tne  record  of  proceedings  of  March  17  was  read  and  accepted. 

The  general  report  was  again  read  and  the  signing  of  the  same  completed,  Msjor 
W^eitzel  having  previously  signed  it. 

The  special  remarks  of  the  several  members  were  then  read,  and  at  4.15  p.  m.  the 
board  adjourned  sine  die. 

Approved. 

J.  G.  Barnard, 

President  of  Board, 

Thomas  Turtle, 

First  Lieutenant  of  EngineerSf^  Recorder, 

Note. — Colonel  Barnard  states  that  declining  to  vote,  rather  than  a  negative,  would 
better  express  his  opinion  on  resolutions  9  and  12. 

8  EKG 
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APPENDIX  V. 

ANNUAL  EEPOBT  OF  LIEUTENANT-COLONEL  J.  D,  KURTZ, 
CORPS  OF  ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING 
JUNE  30, 1874. 

United  States  Engineee  Office, 

Philadelphia,  Pa.,  July  18,  1874. 
General  :  I  have  the  honor  to  transmit  herewith  the  reports  of  river 
and  harbor  works  in  my  charge  for  the  fiscal  year  ending  Jane  30, 1874. 
Very  respectfully,  your  obedient  servant, 

J.  D.  Kurtz, 
Lieut  Colonel  of  Engineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  8.  A. 


V  I. 

construction  of  pier  near  LEWES,  DELAWARE. 

At  the  close  of  the  fiscal  year  the  pier  had  been  extended  ont  to  1281 
feet  from  its  beginning,  into  water  of  the  depth  of  16.5  feet  at  low- wa- 
ter. The  bridge- way  of  the  pier  is  1,155  feet  long,  and  is  three  piles  and 
22  feet  wide ;  the  pier-head  is  five  piles  and  43  feet  wide.  Of  the  pier- 
head, 186  feet  of  the  iron-work  have  been  constructed.  Thirty  pile-shafts, 
8J  inches  diameter  and  54  feet  long,  are  on  hand  for  the  continaance  of 
work,  with  the  necessary  screws,  caps,  braces,  &c.,  and  also  timber  for 
the  floor  of  the  entire  structure. 

The  year's  work  consists  in  extending  the  pier  from  1,155  feet  to  1,281 
feet  length,  and  from  9.3  feet  depth  of  water  to  15.5  feet  depth.  Work 
was  suspended  in  November  last,  when  the  appropriation  was  exhausted, 
and  the  property  stored  till  the  resumption  of  operations. 

The  small  appropriation  of  $10^000  made  for  the  service  of  the  pres- 
ent fiscal  year  will  be  applied  to  inserting  the  piles  now  on  hand,  with 
their  connecting  parts,  and  placing  the  timber-work  upon  them.  If  any 
balance  of  funds  remains,  it  is  proposed  to  use  it  in  fitting  the  pier  tem- 
porarily for  use  of  vessels. 

It  is  a  source  of  regret  that  the  efforts  to  place  the  current-dynamome- 
ters in  working  condition  failed.  The  information  they  would  afford  is 
valuable;  the  investigation  is  novel  on  our  coast,  and  our  possession  of 
wind-measuring  apparatus  at  the  locality  would  afford  the  special  op- 
portunity of  making  direct  comparison  of  the  velocity  and  continuance 
of  wind-currents  with  the  corresponding  movements  of  the  sea. 

Should  Congress,  in  conformity  with  their  determination  in  voting 
$225,000  for  the  commencement  of  this  work,  now  appropriate  the 
means  necessary  to  finish  it,  the  pier  can  %be  completed  without  unnec- 
essary delay.  It  will  be  the  first  structure  of  the  kind  in  our  waters. 
It  will  be  a  valuable  adjunct  to  the  use  of  the  great  harbor  of  refuge  in 
which  it  is  placed,  and  will  afford  an  important  outlet  to  the  commerce 
of  the  Delaware  region,  as  well  as  facilitate  materially  the  operations  of 
the  Navy  in  case  of  war. 

The  accompanying  report  of  Capt.  M.  E.  Brown,  Corps  of  Engineers, 
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the  officer  in  immediate  charge  of  the  constraction,  affords  fall  details 
of  the  history  of  the  work  for  the  year. 

The  detached  statement  of  the  original  estimate  for  this  work,  with 
the  reasons  for  an  increase  thereof,  is  sent  herewith. 

The  amount  required  to  complete  this  work  is $176,500 

Financial  statement 

Balance  in  Treasury  of  United  States  July  1,  1873 ^,000  00 

Amount  in  hands  of  Officer  and  subject  to  his  oheok,  (including  $32,377  per- 
centage dne  on  contracts  not  yet  completed) 39,268  12 

Amount  appropriated  by  act  approved  June  23, 1874 10, 060  00 

Amount  expended  during  the  hscal  year  ending  June  30, 1874 47, 268  12 

Amount  available  July  1, 1874 10,000  00 

Amount  required  for  the  fiscal  year  ending  June  30,  1876 176, 500  00 


Report  of  CapU  M,  B.  Brown^  Corps  of  Engineers* 

Philadelphia,  Pa.,  July  18, 1874. 

Sir.:  Excepting  the  operations  in  the  early  part  of  the  current  fiscal  year,  work  on 
the  pier  has,  to  a  considerable  extent,  beeu  routine  in  character. 

At  the  beginning  of  July  fifty-five  rows  of  piles  were  in  place,  and  fifty  bays  of  super- 
structure were  completed.  The  work  next  in  prospect  presented  new  conditions,  im- 
posed by  a  bottom  of  constantly  increasing  softness,  compelling  a  resort  to  the  firm 
gravel  about  25  feet  below  the  bed  of  the  harbor,  in  order  to  secure  a  safe  foundation, 
thus  constraining  us  to  use  piles  much  longer  and  heavier,  until  at  last,  instead  of  piles 
16  feet  lon^  and  about  5  incnes  in  diameter,  weighing  1,600  pounds,  such  as  were  used 
in  the  earlier  portions  of  the  work,  we  were  compelled  to  deal  with  solid  iron  columns, 
more  than  54  feet  in  length  and  over  8  inches  in  diameter,  weighing  about  10,000 
pounds. 

One  point  of  great  importance  deserves  mention  here.  The  gravel  stratum,  on  which 
alone  dependence  is  placed  as  an  ultimate  foundation  for  the  outer  portion  of  the  pier, 
is  so  hard  and  impenetrable  that  it  is  doubtful  whether  or  not  the  foundation-screws 
could  possibly  be  forced  into  it  their  own  depth  ;  and  yet  it  would  be  fatiil  to  rnly  on 
any  other  stratum  than  this  to  uphold  even  the  ordinary  prospective  loading  of  the 

Eier.  This  gravel  stratum  is  reached  at  various  depths  below  the  water-surface,  and 
ad  not  great  precaution  been  taken  some  of  the  screws  would  have  rested  in  a  semi- 
liquid  alhivial  mud,  while  others  could  not  have  been  driven  far  enough  into  the  gravel 
to  avoid  the  necessity  of  taking  up  the  piles  and  sending  them  to  the  contractor's 
shops  to  be  cut  shorter  and  to  have  the  necks  turned  off  anew.  The  wisdom  of  the 
careful  preliminary  reconnoissance  of  the  bottom,  including  the  sinking  of  artesian 
tubes,  is  therefore  clearly  shown. 

Very  early  in  the  season  we  came  upon  mud,  with  sand,  in  such  proportions  as  to 
present  very  little  opposition  to  the  insertion  of  screw-piles.  Here  the  use  of  the  water- 
jet  was  found  unnecessary.  A  short  distance  beyond  our  operations  were  no  longer 
aided  by  using  the  water-jet. 

It  is  evident,  then,  that  the  device  is  useful  in  a  great  degree  only  in  hard  and  com- 
pact sand.  It  may  fairly  be  doubted  whether  or  not  the  first  thousand  feet  of  the  pier 
could  have  been  built  in  accordance  with  the  project  without  the  application  of  water- 
jets  to  the  upper  surface  of  the  flanges  of  the  screws.  The  work  thereby  eliminated 
from  this  portion  of  the  project  amounts  to  more  than  nine-tenths  of  the  whole  labor 
involved  in  screwing  down  piles  by  a  direct  application  of  power  alore.  We  were 
also  enabled  to  settle  the  screws  as  deeply  as  we  chose  in  a  bottom  where  the  strong- 
est iron  screws  were  broken  as  though  they  had  been  of  glass  when  main  force  alone 
was  used  in  an  unsuccessful  effort  to  sink  them  more  than  4  feet. 

The  derrick  erected  for  use  in  putting  down  the  largest  piles  has  proved  as  success- 
ful as  was  expected  or  desired,  and  no  difficulties  or  impediments  have  been  met  with 
except  those  which  patience  and  perseverance  have  cleared  away  or  conquered,  easily 
if  not  always  hastilv. 

Progress  outward  has  of  late  been  slow,  necessarily,  compared  with  the  advance 
made  in  the  earlier  part  of  the  work,  for  the  following  reasons  mainly,  which  need 
mention  only  for  the  information  of  those  who  are  unacquainted  with  the  work. 

Each  pile  of  the  outer  portion  of  the  pier  weighs  more  than  six  times  as  much  as  the 
lightest  ones  of  the  inner  portion. 
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The  piles  of  the  outer  portion  must  be  inserted  at  points  distant  from  the  storage 
ground. 

Each  outer  row  contains  five  piles  to  three  in  each  row  of  the  bridge  part. 

The  outer  piles  must  go  down  24  feet  into  the  bottom,  and  through  about  the  same 
depth  of  water. 

The  inner  piles  are  inserted  only  10  or  12  feet  in  sand,  covered  by  two  feet  of  water. 
On  the  other  hand,  a  progress  of  21  feet,  or  one  bay,  now  adds  from  six  inches  to  nine 
inches  to  the  depth  of  water  at  the  pier-head,  already  16  feet  at  low-water,  while,  at 
aD  earlier  stage,  we  were  merely  reaching  outward  to  render  available  the  portion  now 
under  construction. 

It  seems  important  that  a  clear  understanding  of  the  present  status  of  the  work 
should  be  had  by  the  public  interested,  lest  they  may  be  led  to  anticipate  an  unreason- 
able progress  from  the  appropriation  of  $10,000  just  made  by  Congress.  Were  we  com- 
pelled to  use  this  money  for  the  purchase  of  material,  it  would  buy  only  abont  ten 
piles,  with  their  caps  and  screws.  We  have  on  hand,  however,  all  the  material  that 
can  be  placed  in  the  pier  with  the  sum  named. 

When  active  operations  were  suspended  last  December,  much  of  the  material,  sueh 
as  rope,  cable,  &c.,  as  well  as  the  pontons  in  use,  was  in  a  greatly  damaged  condition. 
They  might  have  been  kept  in  use  at  that  time,  however,  somewhat  loDger.  It  will 
now  be  necessary  to  purchase  a  lar^e  amount  of  new  material  in  the  place  of  that 
worn  out,  which  would  be  unsafe  if  used  after  the  deterioration  it  has  sustained 
through  wear  and  the  effects  of  time. 

It  will  also  require  the  expenditure  of  considerable  time  and  money  to  restore  dis- 
mantled machiuery,  make  necessary  repairs,  and  generally  to  place  the  work  in  the 
condition  of  readiness  in  which  it  was  last  November,  when,  after  the  reception  of  the 
decision  that  the  mules  purchased  from  the  appropriation  for  the  pier  could  not  be 
sold,  in  order  that  the  proceeds  might  be  used  in  continuing  the  work,  it  became  neces- 
sary to  discharge  all  employes  as  soon  as  practicable.  The  weather,  as  is  usual  in  the 
vicinity  of  Cape  Henlopen  during  the  latter  part  of  November,  was  so  unfavorable  that 
only  an  occasional  day  was  suited  to  the  sinking  of  screw-piles.  The  time  was  eco- 
nomically employed,  however,  in  necessary  work,  including  bracing,  the  storing  of  ma- 
terial, and  making  inventories  thereof. 

By  the  end  of  November  the  amount  of  money  remaining  to  the  credit  of  the  appro- 
priation for  the  pier  was  barely  sufficient  to  cover  the  expense  of  maintaining  a  property- 
Keeper  until  the  Ist  of  July,  1874,  besides  provision  for  contingent  and  unavoidable 
items.  Having  ascertained  through  experience  that  to  put  the  members  of  the  derrick 
together  and  to  fit  it  for  work  involves  a  considerable  expenditure,  I  did  not  think  it 
wise  to  incur  the  double  expense  of  dismantling  aud  refitting  with  so  small  a  balance 
of  money  on  hand.  However,  its  portable  parts,  including  the  gearing,  were  taken 
from  it  and  carefully  stored.  The  same  dearth  of  funds  deterred  me  from  doubtful  and 
costly  efforts  to  adjust  the  dynamometer  in  such  a  manner  as  to  give  reasonable  hopes 
of  obtaining  valuable  results  during  the  winter. 

The  weather  very  rarely  presents  conditions  of  wind  and  water  favorable  for  such 
work  on  an  insecure  raft,  outside  the  protection  of  the  breakwater.  Guys  were  attached 
to  the  dynamometer-pile,  and  were  well  secured  to  the  breakwater  and  to  anchors 
beyond.  The  platforms  containing  the  instruments  had  been  secured  in  temporary 
positions  on  the  pile,  at  a  time  when  it  was  hoped  that  circumstances  would  allow 
me  to  have  them  fixed  in  their  proper  positions  after  the  pile  should  be  screwed  down. 
Such  days  as  promised  success  in  this  work  were  invariably  consumed  in  the  attempt 
whenever  the  condition  of  work  on  the  pier  would  justify  it.  The  fine  mornings 
which  tempted  to  this  digression  were  generally  the  preludes  to  sudden  squalls  later 
in  the  day,  aud  in  such  cases  the  raft  with  all  on  board  was  often  saved  from  swamp- 
ing only  by  great  effort. 

I  regret  to  add  that  some  time  in  December  or  early  in  January  a  schooner  ran  into 
the  pile  and  bore  it  down  so  that  it  now  lies  flat  on  the  bottom. 

The  wire-rope  gny  connecting  it  with  the  breakwater  remains  intact,  but  the  others 
are  not  visible.  Most  of  the  employes  engaged  on  the  pier  were  discharged  on  the  13th 
of  November,  1873.  On  the  last  day  of  November  all  were  discharged  excepting  my 
draughtsman  and  assistant,  Mr.  Stierle,  and  Mr.  D.  H.  Houston,  clerk,  both  of  whom 
remained  employed  until  December  11.  When  the  work  of  the  season  closed  such 
property  as  required  protection  from  the  weather  or  thieves  was  securely  stored  in  one 
or  another  of  the  buildings  on  the  grounds. 

At  this  time  61  rows  of  piles  had  been  inserted,  the  last  row  1,281  feet  beyond  the 
abutment. 

There  remain  on  hand  30  piles  of  uniform  size,  8|  inches  in  diameter.  With  these 
are  the  corresponding  caps  and  screws,  besides  15  additional  caps  and  the  same  number 
of  supernumerary  screws.  All  braces  are  in  place  and  connected  to  the  flfty-sevenlh 
row,  mclusive.  From  the  fifty-eighth  to  the  sixty-first  or  last  row,  both  inclusive,  the 
biaces  are  as  indicated  in  an  accompanying  sketch.    The  braces  remaining  on  hand 
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vrill  Riiffice  for  tbe  coustrnction  to  the  seventieth  row,  inclusive.    Collars  and  turn- 
buckles  will  be  exbansted  with  the  completion  of  the  sixty-seventh  row. 

It  has  been  found  unnecessary  to  adjust  the  screw-buckles  of  the  braces  for  changes 
of  soason  and  corresponding  variations  of  temperature,  whoso  effect  in  producin<r  ex- 
pansion and  contraction  of  the  braces  is  very  little.  No  strain  on  the  members  of  the 
pier  is  apparent  anywhere  at  any  time.  Tbe  lumber  for  the  entire  pier  is  on  hand. 
Small  amounts  will  be  needed,  however,  in  the  course  of  construction  at  different 
times  for  subsidiary  purposes. 

I  suggest  the  purchase  of  a  number  of  wooden  piles  to  serve  temporarily  as  fenders, 
to  be  inserted  at  tbe  last  of  the  season's  work,  so  that  the  pier,  incomplete  as  it  will  be, 
may  yet  be  used  by  vessels  of  moderate  draught. 

The  lower  layers  of  the  piles  of  lumber  are  covered  with  sand  during  the  winter. 
Most  of  it  is  generally  blown  away  in  the  late  spring. 

A  more  serious  effect  of  the  wind  is  in  the  partial  undermining  of  the  foundations  of 
the  temporary  buildings.  These  being  wholly  built  on  piles,  are  more  or  less  threat- 
ened by  tbe  scattering  of  tbe  sand  from  around  the  supports.  This  has  been  mostly 
prevented  by  placing  obstructions  to  the  free  action  of  tne  wind  in  proper  localities, 
and  by  spreading  brush  in  other  places  so  as  to  catch  and  retain  nying  sand.  The 
foundations  of  the  store-bouse,  which  contains  much  iron,  must  be  carefully  watched 
especially 

There  are  six  pontons  belonging  to  the  work  now  stored  just  above  the  highest  water- 
mark. They  have  all  been  condemned,  and  are  nearly  worthless  for  use  in  the  work. 
No  reliance  can  be  placed  in  them  even  after  extensive  repairs,  and  I  recommend  that 
four  pontons  as  stanch  as  possible  be  procured  in  season  for  use  when  work  on  the 
pier  is  resumed. 

The  superstructure  of  tbe  pier  is  complete  to  the  fifty-fifth  row,  inclusive,  or  for  a 
length  of  1,155  feet.  The  longitudinal  stringers  are  on  the  fifty-eighth  row,  and  the 
cross-girders  to  the  fifty-sixth  row. 

During  tbe  next  few  months  it  is  proposed  to  extend  the  pier  as  far  as  the  appropria- 
tion wiilallow,  and  if  the  measure  is  approved  to  prepare  the  end  of  the  pier  for  such 
use  as  may  be  found  practicable. 

Very  respectfuuy,  your  obedient  servant, 

M.  K.  Brown, 
Captain  of  EngineerSj  U,  S,  A, 

Lieat.  Col.  J.  D.  Kurtx, 

Carps  of  Engineers, 


The  original  estimated  cost  as  now  being  carried  on  is  as  follows : 


Designation. 

231,525 

37,760 

31,80() 

1,581.835 

Price. 

Cost 

147plle«,»'xy'(«u<lH".)n47xl.575» pounds. 

16pUe»,37'.4x5*"(«nd5i",)(16x2.:J60) do.. 

lOpilem  31.28x6"  (and 6i",>  (10x3,180) do.. 

125  pUea,  54  x8i'' (and  8i",)  (125x10,846) do.. 

99H 

1,882,920 

10  08 

1150, 633  GO 

5  looxitiiduial  braoca,  23'  x  2|",  (5  x  23  x  16  55) pounds . 

401ongitndiiiAlbrace«,  24' x2i".  (40x24x16.55) do.. 

60  lonritndinal  braces,  25'.5  x  2i",  (tSO  x  2^.5  x  20.03) do . . 

135  loDgitudinal  braoca,  27'.5  x  3",  ( 135  x  27,5  x  23.84) do . . 

2,284 
15.888 
30,646 
88,506 

240 

137,324 

10 

13,  732  40 

233  cnwa-braoea.  H\5x2".  (923x14.5x5x10.59) pounds. 

24  crom-braces.  14'.5  x  2J",  (24  x  14.5  x  1 1.96) do. . 

32cttMW-braoe«,  14'.5x2J",  (32x14.5x13.41) do.. 

4d cnMii.bnicAS   14'.5x2  ".  (48x14.5x14.94) do.. 

34,243 
4,162 
6,222 

10, 398 

26,877 

1,388 

6,975 

17.542 

40,  779 

U2<:nMa.braoea,  14'.5x2{",  (112x14.5x16.55) do.. 

8cnM»-bnice8,  14'.5x2V',  (8x14.5 x  11.96) do.. 

32cro«s.brace«,  17' x2i",  (32x17' X  13.41) do.. 

46 cram-bracea.  aO'  x2t.  (48x20x14.94) do.. 

112croaa.bracoa,  afx 2^,(112x22 X  16.55) do.. 

639 

148,586 

10 

14,858  60 

«79  terBw-bnoklea,  average  60  ponnda  each pounds. 

1,670  bolu and  nuta,  average  10  pounds  each do.. 

240  looiptadinal    and  croas -brace  collars,  average  85 

pounds  each pounds.    90.400 

174  crosabrace  collara,  average  75  pounds  each do. .    13, 050 

52.  740 
16,700 

33.450 

25 
14 

U 

13, 185  00 
2,338  00 

3.679  50 
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396  caat-iroD  screws,  average  305  pounds  each. .  pounds.    90, 800 
2Uti  cast-iron  caps,  average  550  pounds  each do . .  163, 900 


Receiving  and  putting  down  298  piles days. 

Blacksmith's  labor do.. 

Adjusting  caps  and  braces,  (smithery) do.. 

Ac^uRting  caps  and  braces,  (labor) do.. 

Services  of  divers do.. 

Diving-apparatus 

9,657  linear  feet  string-timbers,  13"  x  13",  board-measure.  116. 0 

5.133  linear  feet  cross-timbers,  9"  X  9^' do 34.6 

5, 1 18  ] inear  feet  railroad-stringers,  8"  x  10" do 34. 0 

32,932  linear  feet  floor  joints,  9"  x  4" do 98. 8 

23,160  linear  feet  floor-joists,  4" x 4" do 31.0 

3,700  linear  feet  curbing,  6"  x  4" do 7.  4 

72,694  linear  feet  planks,  3"  x  6'  . . .  do 110. 6 


863  bolts  through  string-timbers,  average  5.23 pounds. .  .pounds. 

Other  bolts  ana  spikes do. . 

4,200  linear  feet  rails,  20  pounds  per  foot do. . 

Constructing  timber-top,  (carpentry) days. 

Constructing  timber-top,  (labor) do. . 

58  piles,  averaging  25'  x  3",  <58  x  25'  x  65.45)  . . .  pounds.  94. 902 
26  piles,  averaging  33'  x  5",  (26  x  33  x  65.45) do . .     56. 136 

110  piles,  averaging  48'.3 x  5",  (110  x 48.3  x  65.45)  .  ..do. .  347. 736 


70  fender-caps,  73  pounds  each : pounds . 

18  fender-caps  and  rings,  105  pounds  each do.. 

1,760  linear  feet  braces,  2  inches  diameter,  10. 47 do. . 

88  screw-buckles,  50  pounds  each do.. 

176  bolts  and  nuts,  6  pounds  each do.. 

194  cast-iron  screws,  2  feet  diameter,  300  pounds  each do . . 

Receiving  and  putting  down  194  piles days. 

Blacksmith's  labor do.. 

Adjusting  collars  and  braces,  (smithery) do.. 

Acnnsting  collars  and  braces,  (labor) do. . 

13  Duoyis 

Scow  with  pile-driver 

Portable  engine 

3  boats  

Labor  in  care  of  and  repair  of  machinery davs 

Overseer monihs 

Clerk do . . 

Draughtsman do. . 

Inspector do.. 

Stationery,  ofllce-rent,  Aiel,  transportation,  freight,  postage 

Add  for  unforeseen  expenses,  10  per  cent 

Add  amount  expended  for  machinery,  buildings,  trials,  and  sur- 
veys  


Total. 


Designation. 


254,790 
6.463 
300 
6(H) 
840 
420 


433.4 

4,500 
3,000 
8,400 
1,000 
700 


498, 794 


5,110 

1,890 

18,427 

4.400 

1.056 

58,200 

2,100 

830 

50 

150 


8.000 
24 
24 
84 

12 


Price. 


to  06 
1  75 
3  00 
3  00 
1  75 
9  00 


40  00 

m 

05 
3  00 
1  75 


08 


11 

10 

10 

85 

12i 

06 

1  75 

3  00 

3  00 

1  75 

50  OO 


1  75 
180  00 
120  00 
130  00 
150  00 


Coet. 


ei5,887  4<^ 

1I,3I0  3& 

900  00 

1.80O  OD 

1, 470  OO 

•   3,780  00 

1,500  00- 


17,896  00^ 

562  50 

375  00 

4,200  00 

3,000  Oa 

1,825  00 


39,903  52 


562  la 

189  00 

1, 842  70 

1,100  00 

132  00 

3,492  Oa 

3,673  00 

690  OO 

150  00 

ses  50 

60U  00 
1,800  00 
1.500  OO 

322  Itt 
3,500  00 
8,880  OO 
2,880  00 
3,800  00 
l,a0  00 
8,000  0» 
33,329  42 

90,796  OO 


387,  419  6r 


Total  amount  appropriated  since  the  adoption  of  the  present  project $^5,000  00 

Total  amount  expended 225,000  OO 

Amount  originally  estimated  to  complete  the  work 152, 419  67 

An  appropriation  beyond  this  originally  estimated  cost  is  desired,  for  the  following 
reasons,  viz  :  increased  price  of  iron  and  labor ;  the  operation  of  the  8-hour  law;  th» 
oooarrence  of  a  sunken  wreok  across  the  line  of  the  pier ;  suspensions  of  the  work,  aad 
strikes  of  the  workmen. 

The  probable  sum  in  addition  to $152,419  B7 

That  will  be  required  to  meet  these  difficulties  is '. 24,000  OO 

Making  a  total  appropriation  asked  for  of » 176,419  67 


V    2. 


CONSTRUCTION  AND  REPAIR   OF   ICE-HARBOR  PIERS  AT   NEW   CASTLE^ 

DELAWARE. 

Tbe  small  quantity  of  stone  and  timber  that  remained  from  the  old 
pier  in  the  middle  of  tbe  harbor  has  been  removed;  the  wood- work  of 
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the  old  pier  on  the  lower  line  of  the  harbor  has  been  sheathed  with  oak 
and  the  comers  protected  with  iron  plates ;  a  new  pier,  consisting  of 
wooden  crib  foundation  to  surface  of  low-water,  and  a  stone  super- 
structure, has  been  built  (finished  July  9)  on  the  upper  line,  in  about  27 
feet  water  at  low-tide,  and  a  quantity  of  stone  accidentally  dropped 
within  the  limits  of  the  harbor  has  been  removed. 

An  appropriation  of  $10,000  has  been  made  for  the  present  fiscal  year, 
which  it  is  proposed  to  apply  to  the  removal  of  obstructions  in  the  har- 
bor and  the  commencement  of  a  new  pier. 

The  design  for  the  harbor  includes  two  additional  piers,  which  are 
estimated  to  cost  $30,000  each  =  $60,000. 

The  original  estimated  cost  of  this  work  was : 

To  complete  repairs  of  old  pier $7,000 

For  three  new  piers,  at  $20,000  each 60,000 

Total 67,000 

It  has  since  been  determined,  in  view  of  the  greater  depth  of  water 
and  the  exposure  of  the  situation,  to  increase  the  size  of  the  piers. 

On  issuing  proposals  for  building  a  new  pier  it  was  found,  accordingly, 
that,  with  the  necessary  contingent  expenses,  it  would  require  $30,000 
for  each  pier  complete,  instead  of  $20,000. 

It  was  also  found  important  to  sheathe  one  of  the  existing  piers  and 
to  remove  the  remains  of  another,  which,  with  the  removal  of  the  stone 
before  mentioned,  were  not  included  in  the  original  estimate. 

Therefore  the  original  estimate  of  $67, 000  is  increased  to  the  extent  of  $33,000. 

Required  to  complete  the  ice  harbor $100,000  00 

The  whole  amoant  appropriated  to  June  30,  m74,  is 59,500  00 

Amount  expended  to  Jane  30,  1874,  is 38,880  25 

Amoant  required  to  complete  the  work 40, 500  00 

New  Castle  is  in  the  collection -district  of  Wilmington,  Del.^hich  is  also  the  nearest 
port  of  entry. 

The  revenue  collected  there  for  the  year  1873-74  was  $^,255,  and  at  Philadelphia 
$8,264,699. 

Fort  Delaware  is  the  nearest  fort,  and  Christiana  light  the  nearest  light-house. 

Financial  statement. 

Balance  In  Treasury  of  United  States  July  1, 1873 $34,000  00 

Amount  appropriated  by  act  approved  June  23, 1874 10, 000  00 

Amoant  expended  during  the  hHcal  year  ending  June  30^1874 22,000  15 

Amoant  available  July  1,1874 14,947  65 

Amoant  required  for  the  fiscal  year  ending  J une  30, 1876 30, 000  00 


V3. 

IMPROVING  HARBOR  AT  MARCUS  HOOK,  PENNSYLVANIA. 

Since  the  completion  of  the  ice-piers  at  this  harbor,  in  1871,  no  addi- 
tional work  has  been  done  except  to  attach  strong  iron  ladders,  (one  to 
each  pier,)  so  as  to  afford  access  to  the  top  of  the  piers. 

The  lower  ogter  pier  and  the  shore  ice-pier,  just  west  of  the  down- 
river landing,  require  repairs.  The  extent  of  the  repairs  requisite  for 
the  outer  pier  will  probably  be  the  resetting  of  a  portion  of  the  two  up- 
per courses,  which  have  been  somewhat  disarranged  by  a  large  three- 
masted  schooner  coming  in  contact  with  it. 

The  old  w^ooden  landing-piers  also  require  moderate  repairs,  such  as 
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filling  iu  between  cap-logs.  lenewing  the  oak  fenders,  and  floors  to  the 
bridges. 

These  repairs  can  be  executed  during  the  present  season  from  the  un- 
expended balance  of  the  original  appropriation. 

Marcus  Hook  is  in  the  collection -district  of  Philadelphia,  Pa. ;  the  nearest  port  of 
entry,  light-house,  and  fort  are,  respectively,  Wilmington,  Del.,  Christiana  light,  and 
Fort  Mifflin. 

The  revenne  collected  at  Wilmington  and  Philadelphia  during  the  fiscal  year  ending 
June  30, 1874,  is,  respectively,  $20,255.09  and  ^,264,699.53. 

Financial  atat&mcnt. 

Balance  in  Treasury  of  United  States  July  1, 1873 $10,462  12 

Amount  available  July  1, 1874 10,462  12 


V4. 

IMPROVEMENT  OF  WILMINGTON  HAEBOR,  DELAWARE. 

By  the  act  approved  March  3, 1873,  an  appropriation  of  $6,000  was 
made  for  the  continuation  of  the  improvement  of  this  harbor,  and  by 
act  approved  June  23, 1874,  a  further  appropriation  of  $6,000  was  made 
for  the  same  object. 

Under  the  act  of  March  3, 1873,  proposals  were  invited  under  date  of 
June  21, 1873,  and  a  contract  was  subsequently  awarded  to  the  Ameri- 
can Dredging  Company  for  the  removal  of  about  100  cubic  yards  of 
rock  from  the  channel  of  the  river  just  below  Third-street  bridge.  Owing 
to  unavoidable  delays  and  unforeseen  difficulties  at  other  works,  the  con- 
tractors were  unable  to  commence  rock  operations  at  this  locality  until 
June  17, 1874.  Since^that  time  good  progress  has  been  made  in  drilling 
and  blasting,  and  a  portion  of  the  rock  has  been  removed.  A  contract 
was  executed  by  the  same  company  under  date  of  September  13, 1872, 
for  the  removal  of  thirty-five  cubic  yards  of  rock  on  the  south  side  of  the 
channel  about  600  feet  above  Third-street  bridge.  This  work  has  been 
completed  during  the  fiscal  year. 

Local  surveys  have  been  made  of  the  Christiana  Eiver  at  different 
points  between  its  mouth  and  Third-street  bridge,  and  the  information 
derived  therefrom  has  been  added  to  the  chart  of  the  river  and  harbor 
that  is  now  nearly  complete. 

In  view  of  the  small  amount  appropriated  for  the  improvement  of  the 
harbor  for  the  fiscal  year  ending  June  30, 1876,  it  is  proposed  to  apply 
the  same  for  the  removal  of  additional  rock  from  the  south  side  of  the 
channel  just  below  Third-street  bridge,  to  the  amount  of  about  135 
cubic  yards.  This  improvement  (which  will  be  permanent)  will  give  in- 
creased  width  to  the  channel,  a  better  approach  to  the  south  draw-pas- 
sage of  the  bridge,  and  afford  thirteen  feet  depth  of  water  at  ordinary 
low-tide  over  the  rock. 

It  is  proposed  to  continue  the  improvement  of  this  river  during  the 
next  fiscal  year  by  dredging,  so  as  to  afford  12  feet  depth  of  water  at 
ordinary  low-tide,  and  increasing  the  width  to  120  feet  at  the  localities 
along  the  river  and  in  the  harbor,  enumerated  as  follows,  viz:  In  the 
channel  just  above  the  buoy-depot  of  the  Light- House  Establishment ; 
opposite  and  below  the  mouth  of  Brandy  wine  Creek ;  up  stream  from 
the  north  draw-passage  of  Third-street  bridge;  and  adjacent  to  Market- 
street  bridge,  above  and  below.  This  will  require  in  the  aggregate  aboat 
63,000  cubic  yards  of  excavation )  6,000  cubic  yards  of  this  amount  will 
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be  loose  gravel  and  sand ;  the  balance,  soft  mud.    This  work  will  require 
an  appropriation  of  $20,000. 

Popnlation  of  Wilmington,  Del.,  39,000 ;  present  annual  increase,  2,000. 

The  amoant  of  capital  employed  in  manufactures  in  the  city  of  Wilmington  and 
Dobnrbs  is  $12,725,000.    Value  of  manufactured  articles,  $21,150,000. 

Wilmington  is  in  the  collection-district  of  Delaware,  and  is  a  port  of  entry.  The 
nearest  ligbt-honse  and  fort  are,  respectively,  Christiana  light  and  Fort  Delaware. 

The  amount  of  revenue  collected  at  Wilmington  during  the  fiscal  year  ending  June 
30, 1874,  is  $20,255,  and  at  Philadelphia  $8,264,699.53. 

Abstracts  of  proposals  and  of  contracts  are  sent  herewith. 
Orti^inal  estimate  for  improving  Wilmington  Harbor ^  Delaware. 

Ist.  For  removal  of  a  rock  in  channel-way,  as  specified  in  report  of  Novem- 

ber2,1870 $1,000 

2d.  For  dredging  a  cut  120  feet  wide,  12  feet  deep  at  low-water,  through  the 

bar  at  the  mouth  of  the  river,  19,000  cubic  yards,  at  40  cents 7, 600 

3d.  For  dredging  a  cut  120  feet  wide,  12  feet  deep,  through  the  shoal  just  below 

the  Brand^wine,  32,000  cubic  yards,  at  40  cents 12,800 

4tb.  For  dredging  a  cut  120  feet  wide,  12  feet  deep,  above  the  Brandy  wine  to 

the  ship-yards,  48,000  cubic  yards,  at  40  cent's 19,200 

5th.  For  widening  the  cut  at  the  light-house  to  300  feet,  96,000  cubic  yards,  at 

40  cents 38,400 

Add  for  surveys,  inspectors,  office-expense,  and  contingencies 4, 000 

83,000 

Total  amount  appropriated  to  June  30, 1874 $37,000  00 

Total  amount  expended  to  June30,1874 25,843  49 

Amount  required  to  complete  the  work 46,000  00 

Financial  statement. 

Balance  in  Treasury  of  the  United  States  July  1, 1873 '. $5, 000  00 

Amount  in  hands  of  officer  and  subject  to  his  check 1,895  66 

Amount  appropriated  by  act  approved  June  23, 1874 6, 000  00 

Amount  expended  during  the  fiscal  year  ending  June  30, 1874 1, 739  15 

Amount  available  July  1, 1874 11,156  51 

Amount  required  for  the  fiscal  year  ending  June  30, 1876 20, 000  00 


Ah9tracl  of  proposals  for  improvement  of  Wilmington  Harbor ,  Delaware,  received  and  opened 

at  V2:S0p.  m.  July  23,  1873. 


Ko.                          Bidder,  name  and  residence. 

Removal  of  rock, 
100  cubic  yardM, 
net     rate    per 
cubic  yard. 

Begin- 

Complete- 

1     The  American  Dred^ng  Company,  Philadelphia,  Pa 

8    Robert  W.  Warren,  No.  7  Burling  Slip,  New  York.  (No 
guarantee.) 

137  50 

48  00 

Sept  1,1873 
Sept   1.1873 

Dec.    1,  187^ 
July    1,  ld74 

Abstract  of  contract  for'improvement  of  Wilmington  Harbor,  Delaware. 


Contractor. 


Removing  rock. 


To  commence— 


To  complete- 


American  Dredging  Company,  10  South  ,  137. 50  per  cubic  yard  J  September  1, 1873 
Delaware  avenue,  Philadelphia.  j 


December  1, 1873 
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Vs. 

IMPROVXNa  CHANNEL  OF  SCHUYLKILL  RIVER,  PENNSYLVANIA. 

By  the  act  of  March  3, 1873,  $40,000  were  appropriated  '*  for  the  im- 
provement of  the  chauuel  of  the  Schuylkill  River,  Pennsylvania,  of 
which  amount  a  portion  shall  be  used  for  coraraeucing  the  removal  of 
the  rock  at  and  near  South-street  wharf."  Also,  by  act  approved  June 
23,  1874,  $20,000  were  appropriated  "  for  continuing  the  improvement  of 
the  Schuylkill  River.'' 

During  the  fiscal  year  ending  June  30, 1874,  the  improvement  of  this 
river  has  been  in  progress  at  the  following  places,  viz:  at  the  bar  just 
above  Penrose  Ferry  bridge,  at  the  south  end  of  the  bar  below  "  Gib- 
son's," at  and  near  South-street  wharf,  and  at  Locust-street  wharf. 

Under  an  informal  agreement  with  Mr.  Wm.  H.  Beard,  dated  June 
11, 1873,  the  work  of  removing  the  gravelly  bar  above  Penrose  Ferry 
bridge  was  commenced  July  18  following. 

Operations  at  this  place  continued  without  interruption,  except  a  sus- 
pension during  the  winter  months  until  May  16,  1874.  During  that  time 
97,493  cubic  yards  of  material  were  removed,  making  one  continuous 
cut  for  about  4,500  feet  through  the  entire  length  of  the  bar,  and  a 
second  cut  from  near  "  Penrose,"  advancing  north  for  nearly  1,200  feet. 
This  will  aflford  a  channel  50  feet  in  width  for  1,200  feet  in  length,  and 
one  25  feet  wide  and  3,300  feet  in  length,  with  20  feet  depth  of  water  at 
low-tide. 

Seven  thousand  five  hundred  cubic  yards  of  coarse  gravel  and  sand 
have  been  removed  from  the  southerly  end  of  the  bar  adjacent  to  Gib- 
son's wharf,  making  a  cut  860  feet  in  length,  75  feet  in  width,  with  18 
feet  depth  of  water  at  ordinary  low  tide.  The  removal  of  rock  from  the 
channel  near  Locust-street  wharf,  which  was  in  progress  at  the  begin- 
ning of  the  fiscal  year,  lias  been  completed;  19  feet  depth  of  water  is 
afforded  at  mean  low-tide ;  the  amount  of  rock  removed  from  this  local- 
ity during  the  year  was  434  cubic  yards.  Considerable  delay  and  inter- 
ruption was  experienced  by  the  contractors  during  the  progress  of  thia 
work.  They  were  inexperienced  in  that  particular  work,  which,  together 
with  the  unfavorable  character  of  the  material,  required  a  much  longer 
time  to  complete  their  contract  than  was  originally  anticipated.  They 
have,  however,  completed  their  contract  in  accordance  with  the  specifica- 
tions, and  satisfactorily.  This  improvement  gives  increased  facilities  to 
establishments  largely  interested  in  the  importation  and  supply  of  Italian 
marble  for  the  Philadelphia  and  other  markets.  In  addition  to  the  rock 
removed  from  the  channel  at  Locust  street,  proposals  were  invited  under 
date  of  June  21,  1873,  for  the  removal  of  about  75  cubic  yards  of  rock 
from  the  channel  at  and  near  South-street  wharf.  A  contract  was  sub- 
sequently executed  with  the  American  Dredging  Company  of  Phila- 
delphia, who  have  during  the  fiscal  year  completed  their  contract,  re- 
moving 172  cubic  yards  of  rock,  affording  16  feet  depth  of  water  at 
ordinary  low-tide. 

The  removal  of  this  amount  of  rock  at  this  locality  was  requisite  in 
order  partially  to  relieve  the  entrance  to  the  east  draw-passage  of'  the 
South-street  bridge.  Additional  rock  will  have  to  be  removed  from  this 
locality  before  the  passage  through  the  east  draw  of  the  bridge  can  be 
made  available  for  large-class  vessels. 

During  the  present  working-season  it  is  proposed  to  continue  the  re- 
moval of  the  gravel-bar  just  above  Penrose  Ferry  bridge,  by  excavating 
along  the  western  and  central  portion  of  the  same,  up-stream  from  near 


Digitized  by  LjOOQ  IC 


REPORT   OF   THE    CHIEF   OF   ENGINEERS. 


13» 


the  bridge  for  a  distance  of  4,600  feet.  This  will  remove  about  70,000 
cable  yards  of  material,  and  afford  20  feet  depth  of  water  at  mean  low- 
tide.  It  is  proposed  to  continue  the  improvement  of  this  river  during 
the  next  fiscal  year  by  increasing  the  width  of  the  cut  through  the  bar 
just  above  *'  Penrose  '^  to  150  feet,  and  to  remove  fast  and  loose  rock 
and  coarse  material  from  the  channel  opposite  Gibson's  wharf;  also  to 
increase  the  depth  of  excavation  so  as  to  afford  20  feet  depth  of  water^ 
and  to  a  width  of  about  150  feet  at  ordinary  low-water,  up  \o  this 
I)oint. 

The  works  for  the  improvement  of  the  nayi^ation  of  SchuvlkiU  River  are  in  the 
collection -district  and  port  of  Philadelphia.  The  nearest  light-house  is  Fort  Mifflin 
lifi^ht:  the  nearest  fort  is  Fort  Mifflin. 

Number  of  vessels  registered  at  the  port  of  Philadelphia, ;  tonnage  of  same^ 

The  amonnt  of  revenue  collected  at  Philadelphia  during  the  fiscal  year  ending  June 
30,  1874,  was  $8,264,699.53. 

Abstracts  of  proposals  and  of  contracts  are  transmitted  herewith. 
The  estimate  of*  1870  for  the  improvement  of  the  Schuylkill  Eiver 
accompanies  this  report. 

Amount  required  to  complete  this  work  is  $174,700. 

Financial  statement 

Balance  in  the  Treasury  of  the  United  States  July  1, 1873 ^51,500  OO 

Amount  in  hands  of  officer  and  subject  to  his  check 5,807  05 

Amonn t  appropriated  by  act  approved  June  23, 1874 20, 000  00 

Amoa at  expended  during  the  fiscal  year  ending  June  30, 1874 54, 975  ] 2 

Amount  available  July  li  1H74 20,000  00 

Amount  required  for  the  fiscal  year  ending  June  30, 1876 40,000  OO 


AHtraet  of  proposals  for  removal  of  rook  at  South^street  wharf  Schuylkill  Biver,  Pennsylr 
vaiita,  received  and  opened  ai  12  m.  July  23, 1K73. 


]^a  '                       Bidder,  name,  and  residence. . 

/  Rate  per 
cubic  yard. 

Begin- 

Complete<:- 

1     The  AmericMi  Dredging  Cmnpany,  No.  10  Sontb  Dela- 

1      ware  avenne,  Philadelphia. 
S     Eobert  W.  Warren,  No.  7  Barling  Slip,  New  York. 

1      (No  giuirant«e.) 

135  50 
$45  00 

Sept.  1,1873 
Sept   1,1673 

Dec    1,  187a 
July    1,  1874 

Abstract  of  contract  for  improving  channel  of  Schuylkill  River^  Pennsylvania, 

Contractor. 

Removal  of  rock. 

To  commence— 

To  complete- 

American  Dredging  Company,  10  South 
Delaware  avenue,  Philadelphia. 

135  50  per  cubic  yard  .  September  1, 1873 

December  1, 187» 

Estimate  of  1870  for  improving  the  Schuylkill  River  at  its  mouthy  at  Gibson*s  Pointy  and 
above  to  the  Chestnut-street  bridge. 

Dredgingat  the  month  and  at ''Penrose '' $1.5,000 

Dredging  the  river  at  Gibson's  Point 10,000 

The  extension  and  widening  of  the  cuts  at  Gibson's  Point,  to  a  depth  of  18 

feet  at  mean  low- water  of  spring-tides,  35,000  cubic  yards,  at  50  cents 17, 500^ 

The  extension  of  the  18-foot  channel  above  Penrose  Ferry  bridge,  through 

shoal  spots',  18,000  cubic  vards,  at  40  cents 7,200 

Deepening  the  cut  at  mouth  of  river,  10,000  cubic  3'ards,  at  30  cents 3, 000 

Dredging  at  Gibson's  to  afford  18  feet  depth  of  water  at  mean  low-tide,  (rock)  13, 000 

Kock  at  Locust  street 13,000 

Digitized  by  LjOOQ  IC 


140         REPORT  OP  THE  CHIEF  OF  ENGINEERS. 

Widening  and  deepening  the  channel  at  the  month  to  afford  20  feet  depth  of 

water  at  mean  low-tide $10,000 

Widening  and  deepening  the  channel  at  Penrose  Ferry  bridge  draw 3, 000 

To  obtain  20  feet  depth  of  water  to  Point  Breeze  wharves 27, 000 

To  obtain  18  feet  depth  of  water  at  mean  low-tide  to  Chestnut-street  bridge.  19,000 

To  obtain  20  feet  depth  of  water  at  mean  low-tida  to  Gibson's  wharves 14, 000 

Removal  of  rock  at  Gibson's,  1,200  cubic  yards,  at  $30 36,000 

Removal  of  rock  at  Spruce  street,  800  cu  bic  yards,  at  $25 *20, 000 

Removal  of  rock  at  South  street,  2,000  cubic  yards,  at  $25 *50, 000 

257,700 

Total  amount  of  appropriation 125,000 

Total  amount  expended 105,000 

Total  amount  required  to  complete  the  work 174,700 

Total  estimate  of  1870 257,700 

Increase  in  1874 42,000 

299,700 


V  6. 

IMPROVEMENT  OF  DELAWARE  RIVER  AT  FORT  MIFFLIN  BAR. 

This  improvement  was  authorized  by  act  of  March  3, 1873,  appropri- 
^.ting  $50,000  for  commencing  the  work ;  and  under  contract  with  the 
Albany  Dredging  Company,  dated  June  25,  1873,  work  was  commenced 
on  the  16th  July  following,  and  has  been  prosecuted  without  serious  in- 
terruption, except  during  the  winter,  to  the  present  time.  The  ex- 
tent of  the  bar,  the  seat  of  improvement,  is  about  1,500  feet  by  800 
feet,  and  during  the  fiscal  year  140,000  cubic  yards  of  material  have 
been  removed,  the  result  of  which  thus  far  has  been  to  open  a  channel 
throagh  the  bar  along  the  eastern  portion  of  the  cut,  affording  twenty 
feet  depth  of  water  at  mean  low-tide,  with  a  width  of  300  feet.  On  the 
west,  the  same  depth  of  water  has  been  attained,  with  a  width  of  225 
feet. 

The  locality  of  this  improvement  is  about  eight  and  a  half  miles  down 
river  from  the  United  States  navy-yard,  in  the  direct  course  of  all  ves- 
sels arriving  at  and  departing  from  Philadelphia.  The  Delaware  River 
at  this  position  is  about  one  mile  in  width ;  the  velocity  of  the  current  at 
half  flood  or  ebb  is  about  three  miles  per  hour.  In  view  of  these  cir- 
cumstances, the  rate  at  which  this  work  is  being  carried  on  is  very 
favorable  for  the  United  States. 

The  importance  of  this  improvement  is  manifest  in  view  of  the  estab- 
lishment of  new  lines  of  steamships  at  Philadelphia,  both  foreign  and 
coastwise,  the  increased  commerce  of  the  port,  and  a  general  healthy 
growth  in  mercantile  pursuits.  Daring  the  present  working-season  it 
is  proposed  to  continue  the  dredging  at  the  bar,  and  under  the  present 
<5ontract,  so  as  to  afford  20  feet  depth  of  water  from  the  New  Jersey 
channel  on  the  south  to  the  Pennsylvania  channel  on  the  north,  with  a 
width  of  800  feet.  This  will  require  an  additional  removal  of  about 
70,000  cubic  yards  of  material,  and  will  complete  that  part  of  the  work 
now  in  process  of  execution. 

;:^  By  act  of  Congress  approved  June  23,  1874,  $50,000  additional  was 
appropriated  for  this  improvement.  With  this  amount  it  is  proposed  to 
increase  the  depth  of  water  over  the  bar  to  22  feet,  with  an  average 
width  of  1,200  feet,  which  will  require  a  further  removal  of  173,000 

*These  items  have  been  increased  $42,000 ;  the  increase  is  in  the  price  from  $25  to  $40 
per  cable  yard,  not  in  the  amount  of  material. 
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cabic  yards  of  material.  During  the  present  season  it  is  contemplated 
to  remove  70,000  cubic  yards  of  this  amount,  which  will  leave  103,000 
cable  yards  to  be  removed  during  the  remainder  of  the  fiscal  year  end- 
ing June  30,  1875. 

For  the  next  fiscal  year  it  is  proposed  to  continue  the  improvement  of 
the  river  at  this  locahty  by  increasing  the  general  width  of  the  excavation 
tx)  1,500  feet,  with  gentle  side-slopes,  and  openings  up  and  down  strejim 
of  2,000  feet  in  width,  which  will  require  the  removal  of  140,000  cubic 
yards  more  of  material.  This  will  require  a  further  appropriation  of 
$50,000. 

The  amount  required  for  the  entire  completion  of  this  improvement  is  $50,000.  Thia 
work  is  in  the  collection-district  of  Philadelphia ;  the  nearest  light-house  and  fort  are, 
respectively,  Fort  Mifflin  light  and  Fort  Mimin. 

The  amount  of  revenue  collected  at  Philadelphia  for  the  fiscal  year  ending  Jane  30» 
1874,  was  18,264,699.5:3. 

Abstracts  of  proposals  and  of  contracts  accompany  this  report. 

Financial  Statement. 

Balance  in  Treasury  of  United  States  July  1, 1873 - $50,000  OO 

Amount  appropriated  by  act  approved  June  23, 1874 50, 000  00 

Amount  expended  during  the  fiscal  year  ending  June  30, 1874 27, 189  03 

Amount  available  July  1, 1874 66,981  62 

Amount  required  for  the  fiscal  year  ending  June  30, 1876 50, 000  00 


Abstract  of  proposals  for  improving  Delaware  River  at  Fort  Mifflin  Bar,  received  and  opened 
at  12  fi}.,  Wednesday y  June  11,  1873. 


Dredflring,  per 
cubic  yard. 

To  commence. 

To  complete. 

1     Albany  Dredging  Company,  Alhany,  K  T 

S     American  Drod^ng  Company,  Philadelphia,  Pa. 
3     William  H.  Beard,  Brooklyn,  "N.Y 

to  21  90100 
38 
33  5-8 

July  1.1873.... 
June  16,1873.. 
July  10, 1673.. 

June  30, 1874. 
Dec.  31, 1873. 
July  1, 1874. 

Bidder',  name  and  residence.        ^^i^d^'^^'^'l  ^^^^PTid'""'" 

To  commence. 

To  complete. 

Albany  Dredging  Combanj,  M.  F.     140  000    cubic  '          $0  81  9-10 
Bramard,  treasurer,  Albany,  N.  Y.  |    Tds.,  more  or  ' 

'July  1,1873... 

June  30, 1874. 

V7. 

IMPROVEMENT  OF  DELAWARE  RIVER  AT  HORSE-SHOE  SHOALS. 

It  was  recommended  last  year,  in  view  of  the  expense  of  the  proposed 
improvement,  that  it  be  deferred  until  it  was  found  that,  from  further 
exx>erience,  ice-boats  cannot  keep  the  channel  open  at  this  point.  The 
last  winter  having  been  very  mild,  no  special  experience  on  this  point 
was  obtained. 

Financial  statement 

BalAoce  in  TreMnry  of  United  States  July  1, 1873 $49,500  00 

AmooDt  in  hands  of  officer  and  sabject  to  his  check 154  80 

Amount  expended  daring  the  fiscal  year  ending  June  30, 1874 154  80 

Amount  available  July  1, 1874 49,500  00 
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V8. 

IMPROVEMENT  OF  DELAWARE  RIVER  BETWEEN  TRENTON  AND  BORDEN- 

TOWN. 

The  work  of  improvement  consists  in  dredging  a  channel  of  6  feet 
depth,  connecting  the  low- water  6-foot  curves  above  and  below  Periwig 
Island  Shoal.  The  dredging  has  progressed  steadily  daring  the  work- 
ing-season, interrupted  somewhat  by  heavy  freshets  during  the  spring 
and  fall.  The  channel  has  been  carried  through  the  shoal  with  a  depth 
of  6  feet  and  a  width  of  75  feet,  and  is  now  being  straightened  and  wid- 
ened. Sixty  thousand  cubic  yards  of  sand,  gravel,  and  bowlders  have 
been  dredged  during  the  year. 

During  the  present  working-season  it  is  proposed  to  continue  the 
work  of  widening  and  straightening  the  channel. 

An  appropriation  of  $25,000  is  asked  for  the  next  fiscal  year  to  con- 
tinue the  work  of  improvement  at  this  point. 

Trenton  is  in  the  collection-district  of  Bnrlingtoni  Philadelphia  being  the  nearest 
port  of  entry.  The  nearest  light-hoase  and  fort  are,  respectively.  Fort  Mifflin  Light 
and  Fort  Mifflin. 

The  revenue  collected  at  Philadelphia  during  the  year  ending  June  20, 1874,  amounts 
to  $8,264,699.53. 

ORIGINAL  ESTIMATED  COST  OF  WORK. 

To  excavate  a  cut  through  the  shoal  at  Periwig  Island,  200  feet  wide  and 
6  feet  deep,  will  require  the  removal  of  140,000  cubic  yards  of  gravel, 
bowlders,  &c.,  at  50  cents |70,000  00 

Below  Newbold's  Island,  a  cut  200  feet  wide,  700  feet  long,  and  1  foot  deep ; 
5,000  cubic  yards,  at  40  cents 2,000  00 

Contingencies 3,000  00 

Total 75,000  00 

Total  amount  of  appropriation $35,000  00 

Amount  expended 10,150  55 

Kequired  to  complete  the  work 40,000  00 

Financial  statement 

Balance  in  Treasury  of  United  States  July  1,1873 $22,500  00 

Amount  in  hands  of  officer  and  subject  to  his  check 2,057  45 

Amount  appropriated  by  act  approved  June  23, 1874 10, 000  00 

Amount  expended  duriug  the  nscal  year  ending  June  30, 1874 9, 708  00 

Amount  available  July  1, 1874 14,949  27 

Amount  required  for  the  fiscal  year  ending  June  30, 1876 25, 000  00 


Vg. 

IMPROVEMENT  OF  BROADKILN  RIVER,  DELAWARE. 

The  appropriation  of  $10,000  for  the  improvement  of  the  Broadkiln 
Eiver  was  applied  in  removing  the  shoals  from  Milton  to  Oyster  Eock 
Shoals,  near  the  month  of  the  river. 

A  channel  of  5  feet  in  depth  at  low- water,  with  a  minimum  width  of 
35  feet,  has  been  made. 

The  appropriation  having  been  exhausted,  the  work  has  been  sas- 
peuded,  to  be  resumed  should  Congress  make  a  further  appropriation. 

This  work  is  in  the  collection-district  of  Wilmington,  Del.,  which  is  the  nearest  port 
of  entry  ;  Fort  Delaware  is  the  nearest  fort,  and  Delaware  Breakwater  Light  the  nearest 
light-house. 
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Abstracts  of  proposals  and  of  contracts  are  sent  herewith. 
The  accompanying  report  of  Oapt.  M.  R.  Brown,  Corps  of  Engineers, 
will  give  the  details  of  this  work. 
The  original  estimated  cost  of  this  work  was : 

For  making  opening  aoross  beach  to  discharge  waters  of  Broadkiln  and 
Lewes  Creeks  into  bay $14,790 

For  dredging  the  Broadkiln  River  and  building  dam  to  turn  the  waters 
from  Liewes  Sound  into  New  Inlet 65  657 

Total  cost  of  improvement 80,447 

Amount  appropriated  since  adoption  of  project $10, 000 

Amount  expended •. 10,000 

Amount  required  to  complete  improvement 70,447 

Financial  statement 

Balance  in  Treasury  of  United  States  July  1, 1873 $10, 000 

Amount  expended  during  the  fiscal  year  ending  June  30, 1874 10, 000 

Amount  required  for  the  fiscal  year  ending  June  30, 1876 30, 000 


Bepart  of  Capt  M,  R,  Brown^  Corps  of  Engineers, 

United  States  Engineer  Office, 

Philadelphia,  Pa.,  June  30, 1874. 

Sir  :  Deferring  to  the  wishes  of  those  most  interested  in  the  improvement  of  the 
Broadkiln  River,  advertisements  for  proposals  were  delayed  sufficiently  long  to  admit 
of  such  inquiries  and  arrangements  on  the  part  of  business  men  desiring  the  improve- 
ment that  a  company  formed  of  themselves  might  be  able  to  bid  for  the  work  and  in- 
vest the  profits  in  further  improvements  of  the  stream. 

The  advertisements  were  dated  June  21,  and  the  bids  were  opened  July  23, 1873. 

The  American  Dredging  Company  made  the  lowest  bid,  viz,  30  cents  per  cubic  yard. 
The  contract  was  accordingly  awarded  to  them.  It  was  signed  on  the  14th  of  August, 
ltf73. 

Further  progress  was  delayed  by  accidents  to  the  contracting  company's  dredges  until 
November  8, 1873,  when  one  dredge  began  excavating. 

It  was  found  that  the  strictest  construction  of  the  terms  had  not  been  the  interpre- 
tation accepted  by  the  dredging  company;  and  in  order  to  avoid  the  use  of  tub-scows 
the  company  finally  agreed  to  count  only  one-half  of  the  buckets  thereafter  dredged, 
provided  they  should  be  allowed  to  dump  the  contents  of  the  dredges  above  low-water 
mark,  which  they  could  accomplish  directly  from  the  dredges  instead  of  placing  the  ma- 
terial in  the  rear  of  the  banks,  the  latter  method  requiring  the  use  of  tub-scows  and  a 
derrick-scow.  This  arrangement  was  greatly  for  the  advantage  of  navigation,  and 
wa-H  gladly  agreed  to  by  all  parties  concerned. 

The  work  continued  until  April  3,  1874,  sometimes  with  one  dredge  and  often  with 
two. 

By  this  time  the  money  was  exhausted.  The  entire  river  had  been  so  dredged  out 
as  to  provide  a  practicable  channel  5  feet  in  depth  throughout  its  confse;  all  that  was 
deemed  desirable. 

Twenty-seven  thousand  two  hundred  and  seventy-four  cubic  yards  of  material  have 
been  excavated  from  the  river  and  paid  for,  while  nearly  the  same  amount  additional 
has  been  taken  from  the  bed  without  cost.    No  further  appropriation  has  been  made. 

It  is  proposed  at  some  future  time,  if  Congress  grants  the  money,  to  cut  a  channel 
throueh  the  peninsula,  Lewes  Point,  at  the  most  practicable  locality^  nearly  simulta- 
neously damming  up  the  old  passage  into  Lewes  Sound. 

It  is  believed  that  navigation  in  both  the  Lewes  and  Broadkiln  Rivers  would  be 
greatlv  benefited  by  this  improvement,  and  that  the  long  delays  of  vessels  desiring  to 
pass  m>ni  the  Broadkiln  and  Lewes  Rivers  into  the  Delaware  Bay.  now  so  frequent, 
would  be  mostly  obviated.  Thirty  thousand  dollars  would  be  needed  to  accomplish 
this  work. 

Very  respectfully,  your  obedient  servant, 

M.  R.  Brown, 
Captain  of  Engineers,  U.  S.  A. 

Lieut.  Col.  J.  D.  Kurtz, 

Onps  of  Engineers, 
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Ahelract  of  proposals  for  improvement  of  Broadkiln  2?tre?',  Delaware,  received  and  opened  at 

1  p,  TO.  July  23, 1873. 


No. 

Bidders'  names  and  residences. 

Dredging,  per 
cubic  yard. 

Time  of  com- 
mencement. 

Time  of  com- 
pletion. 

1 

G.  H.  Ferris,  Brooklyn,  N.  Y 

10  45 
30 
35 

Oct.  1,1873.... 
Oct  1,1873.... 
Sept.  1, 1873. . . 

July  1, 1874. 

2 
3 

American  Dredging  Company,  Philadelphia,  Pa 
Broadkiln  Improvement  Navigation  Company  . 

Deo.  31, 1873. 
July  23, 1874. 

Abstract  of  contract  for  impi'ovement  of  Bi^adkiln  Biver,  Delaware. 


Contractor. 


DredgiDg. 


To  commence.  |    To  complete. 


American  Dredging  Company,  10  South  Delaware 
avenue,  Philaoelpnia. 


30   cents    per 
cubic  yaro. 


Oct  1,1873....    Dec31,1873. 


V  10. 

MPROVEMENT  OF  SOUTH  RIVER,  NEW  JERSEY. 

Under  the  appropriation  of  $5,000,  made  March  3, 1873,  dredging  was 
done  at  such  spots,  in  the  canal  joining  the  South  and  Raritan  Rivers, 
as  had  shoaled  by  the  undermining  of  the  banks  and  deposits  from  the 
river.  On  completion  of  the  work,  a  channel  of  6  feet  in  depth  existed 
throughout  the  canal. 

South  River  is  in  the  collection-district  of  Amboy ;  fort  at  Sandy  Hook  is  the  nearest 
fort ;  and  the  nearest  light-house  that  at  Prince's  Bay. 

Financial  statement 

Balance  in  Treasury  of  United  States  July  1,1873 $5,000 

Amount  expended  during  the  fiscal  year  ending  June  30, 1874 5, 000 


V  II. 


IMPROVEMENT  OF  THE  NORTH  AND  SOUTH  BRANCHES  OF  THE  SHREWS- 
BURY RIVER,  NEW  JERSEY. 

The  appropriation  of  $5,000,  made  for  this  place,  was  expended  in 
removing  the  bulk-head  of  sand  that  had  formed  at  the  north  end  of  the 
Rocky  Point  channel,  and  at  other  points  where  shoaling  had  occurred. 

Shrewsbury  River  is  in  the  collection-district  of  Amboy ;  fort  at  Sandy  Hook  is  the 
nearest  fort ;  and  the  Navesiuk  light  is  the  nearest  light-house. 

Financial  statement 

Balance  in  Treasury  of  United  States  July  1,1873 $5,000 

Amount  expended  during  the  fiscal  year  ending  June  30, 1874 5. 000 


V    12. 
IMPROVEMENT  OF  COHANSEY  CREEK,  NEW  JERSEY. 

The  work  of  improving  the  navigation  of  this  creek  was  commenced 
in  July,  1873,  by  the  American  Dredging  Company,  and  was  closed  in 
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December  of  that  year,  24,139  cubic  yards  of  sand  and  mud  having  been 
removed  from  the  bed  of  the  creek. 

A  channel  of  75  to  80  feet  in  width,  and  3  feet  depth  at  low-water,  was 
ojwiied  along  the  wharves  of  the  city  of  Bridgeton,  and  for  a  distance 
of  half  a  mile  below  Broad-street  bridge,  to  deeper  water. 

No  appropriation  has  been  made  for  the  year  ending  June  30, 1875. 

To  wideu  the  channel  below  Broad-street  bridge  to  130  feet,  with  a  depth 
of  3  feet  at  low-water,  will  require  an  additional  appropriation  of |10, 000  00 

To  widen  it  to  130  feet,  and  at  the  same  time  increase  the  depth  below 
firoad  street  to  4  feet  at  low-water,  will  require  in  addition 10, 000  00 

Amount  required  to  complete  the  work 20,000  00 

Amount  expended  during  the  year, 

Dredfpoi;  24,139  cubic  yards,  at  36  cents ^,690  04 

Contingencies ,.         1,309  96 

Total : 10,000  00 

Cobansey  Creek  is  in  the  collection-district  of  Bridgeton,  K.  J.,  which  is  the  nearest 
port  of  entry. 
Cobansey  light  is  the  nearest  light-house,  and  Fort  Delaware  the  nearest  fort. 

Abstracts  of  proposals  and  of  contracts  accompany  this  report. 

Financial  statement 

BalaQce  in  Treasury  of  United  States  July  1,  1873 $10,000 

AmoQut  expended  during  the  fiscal  year  ending  June  30, 1874 10, 000 

Amount  required  for  the  fiscal  year  ending  June  30, 1876 20, 000 


Abtiract  of  proposals  for  improvement  of  Cohaneey  Creeky  New  Jersey,  opened  at  1  o^clock  p.  m, 

Thursday,  May  29, 1873. 


Ho.  I      Bidders'  names  and  resideDces. 


Character  of  work— dredging  mnd,  sand,  and  gravel. 


I    G.  H.  Ferris,  Brooklyn,  N.  T 

i  I  Tbe  American  Dredging  Company, 
Philadelphia. 


474  cents  per  cubic  yard  if  deposited  in  deep  water;  75  cents 
per  cable  yard  if  osed  for  filling  in  wharves. 

36  cents  per  cabio  yard  if  measared  in  soows;  23  cents  per 
cubic  yard,  measared  in  backets,  if  deposited  directly 
from  the  dredge. 


Absirtict  of  contract  made  for  improvement  of  Cohansey  Creek,  New  Jersey. 


Contrator's  name  and 
residence. 


Natnre  of  -work, 
(dredging.) 


Price  per  cnbio  yard. 


To  commence— 


To  complete— 


The  American   Dredging 
Company,  PhiUdelpnia. 


35,000  cable  yards, 
more  or  less. 


36  cents  if  deposited 
from  soows ;  S3 
cents  if  deposited 
ftom  dredge. 


July    15,  1873 


Deo.  1, 1873. 


V13. 

PORT- WARDEN'S  LINE,  PHILADELPHIA. 

Id  accordance  with  the  instractions  from  your  Office  of  Jane  23, 1873, 
that  portion  of  the  report  of  the  Board  of  Engineers  of  March  24, 1873, 
referring  to  the  above  subject,  was  sent  to  the  mayor  of  Philadelphia, 
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and  by  him  laid  before  eoancils  for  their  consideration,  since  which 
nothing  has  been  received  by  lue  respecting  the  matter. 
A  copy  of  my  letter  to  the  mayor  is  inclosed  herewith : 

United  Statks  Engineer  Office, 

Philadelphia,  Pa.,  July  11,  1873. 
Sir  :  I  have  the  honor  to  transmit  to  yon  herewith,  in  exc^cution  of  the  instnietions 
of  the  Chief  of  En^^ineers  to  me,  of  which  a  copy  is  also  inclosed,  a  copy*  of  so  mnch  of 
the  report  of  the  Board  of  Engineer  Officers  of  March  24, 1873,  as  relates  to  the  harbor- 
lineH  of  Philadelphia;  and  I  request  that  the  subject  may  be  brought  by  you  to  the 
consideration  of  the  conncils  of  the  city,  as  contemplated  by  the  same  instructions. 

I  shall  be  ready  to  take  such  further  steps  in  the  matter  as  may  be  found  necessary 
and  expedient. 

Very  respectfully, 

J.  D.  Kurtz, 
Lieut-Col.  of  Engineen. 
Hon.  Wm.  L.  Stoklet, 

Mayor  of  PhiladelphUi. 


V  14. 

breakwater,  crow  shoals,  delaware  b  ay. 

United  States  Knginber  Office, 

Philadelphia^  Pa.^  February  14,  1874. 

General  :  I  have  the  booor  to  present  the  following  report  respect- 
ing harbor  of  refuge  ander  Grow  Shoal,  New  Jersey.  This  subject  was 
placed  in  my  charge  by  your  instrnctions  of  March  15, 1873,  and  is 
provided  for  in  the  law  of  March  3, 1873,  '<  making  appropriations  forthe 
repair,  preservation,  and  completion  of  certain  public  works  on  rivers 
and  harbors.''    (General  Nature,  No.  61.) 

*' Section  2.  For  surveys  and  examinations  •  •  •  at  Grow  Shoals, 
Delaware  Bay,  near  Gape  May  light,  New  Jersey,  for  an  artificial  harbor 
or  breakwater." 

The  field-work  of  the  survey  was  executed  in  August,  1873,  by  a 
party  under  the  direction  of  Mr.  F.  M.  Bppley.  The  area  to  be  exam- 
ined has  a  superficies  of  about  twenty-three  square  miles,  embracing  the 
shoal  and  roadstead  covered  by  it,  and  the  channels  of  approach  and 
exit.  Being  in  an  open  sea,  the  best  that  could  be  done  with  the  funds 
that  could  be  made  available  for  the  purpose  was  to  make  a  general 
hydrographic  reconnoissance  and  run  in  the  connected  shore-line.  The 
work  was  greatly  facilitated  by  the  aid  of  a  steam-tender  belonging  to 
the  Light-Uouse  Establishment,  the  use  of  which  was  kindly  allowed 
duriug  the  operations.  A  comparison  of  the  results  with  the  survey 
made  in  1836  by  Major  Hartman  Bache,  Gorps  of  Topographical  Engi- 
neers, and  with  the  hydrographic  sheets  of  the  Goast  Survey  for  1842- 
'47,  affords  the  means  of  judging  somewhat  of  the  changes  that  are  in 
progress  in  the  locality,  of  the  value  of  the  roadstead  for  shelter,  and  of 
the  probable  stability  of  the  channel- ways  connected  with  it 

The  report  of  Mr.  Eppley,  with  his  plat  of  the  survey,  and  a  sheet 
giving  a  comparison  of  it  with  surveys  of  1836  and  1842-'47,  accompany 
this  report,  the  drawings  going  by  express. 

Gape  May  or  Grow  Shoal  roadstead  is  a  magnificent  natural  anchor- 
age, having  a  depth  of  24  feet  at  low-water,  through  an  area  of 
about  three  miles  superficial.  It  is  well  covered  by  the  shoal  lying 
on  its  western  (bay)  side,  and  the  ocean-waves  are  excluded  or  broken 
by  the  shoals  at  its  entrance.  The  cause  which  interferes  with  its  gen- 
eral use  by  vessels  is  the  difficulty  attending  access  to  it  through  the 
eonipaiatively  narrow  channels  connecting  it  with  the  ocean.    The  Gape 
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May  channel  a£fords  24  to  30  feet  of  water,  but  its  width  is  sharply 
trenched  upon  by  shoals  upon  both  hands,  notably  by  the  shoals  lying 
jast  south  of  the  light-house.  A  breakwater  of  moderate  |)rofile 
placed  along  Grow  Shoal  will  afford  whatever  addition  is  needed  to  the 
protective  i>ower  of  the  shoal  itself,  but  the  entrance  to  the  ro5i4stead 
requires  to  be  regulated  by  the  removal  of  the  projecting  shoal,  and  of 
the  other  obstacles  that  hinder  its  navigation. 

Tbe  comparative  chart  shows  that  the  shoal  now  lying  off  the  light- 
house, to  the  southward,  distant  about  a  thousand  yards  from  the  shore, 
has  moved  eastward  four  or  five  hundred  yards  since  1842-'47,  and  that 
the  slough  which  was  then  forming  between  it  and  the  shore  has  devel- 
oped into  an  18-foot  channel,  which  uow  separates  the  shoal  from  the 
beach.  Thn  is  an  extraordinary  movement  for  this  shoal,  the  shape 
and  position  of  which  indicate  hardness  and  persistence  of  composition. 
Any  project  for  converting  the  roadstead  into  a  smooth  harbor  should 
include  protective  works  against  the  ice  which  must  be  driven  into 
the  anchorage,  from  the  bay  and  from  Maurice  Biver  Ck>ve,  by 
northwardly  and  northwesterly  winds.  Several  years'  observations  at 
Lewes  show  that  there  is  also  liaMlity  to  the  formation  of  ioe  on  the 
surface  of  the  harbor  itaelf,  and  that  this  ioe  is  just  as  formidable  a 
trouble  as  that  which  drifts  in  or  is  blown  in  from  the  general  bay. 
A  number  of  winters  may  pass  without  giving  any  trouble  from  ioe,  and 
yet  its  entrance  requires  to  be  guarded  a^inst  with  suitable  structures, 
which  after  all  exert  no  preventive  power  against  its  formation  within 
the  harbor. 

The  peculiar  advantage  of  the  existing  harbor  of  refuge  near  Gape 
Henlopen  ia  the  broad  and  free  approach  to  it  which  vessels  enjoy  at 
all  times.  Its  area  is  trivial  compared  with  that  of  the  Gape  May  road- 
stead, and  it  is  undergoing  deterioration,  due  probably  to  the  works  them- 
selves. It  is  too  small  to  afford  room  for  the  large  numbers  of  vessels 
resorting  to  it  for  shelter,  and  the  need  is  great  for  additional  room  for 
this  purpose.  The  commission  of  experienced  officers  who  projected 
this  harbor  in  1828  could  not  forecast  the  development  of  the  great  mari- 
time empire  for  which  they  were  providing,  and  their  work  is  conse- 
quently entirely  inadequate  to  the  present  and  future  wants  of  the 
country.  The  commerce  of  the  Delaware  and  of  the  Atlantic  seaboard 
has  outstripped  all  probable  growth,  and  needs  greatly  increased  accom- 
modation. 

The  subject  is  presented  and  discussed  by  Major  Bache  in  the  report 
of  December,  1837,  accompanying  his  survey  of  1836,  cited  above. 

Examination  of  the  comparative  chart  shows  general  favorable  con- 
ditions for  the  construction  of  a  breakwater  on  Grow  Shoal,  and  the  use 
of  the  channels  connected  with  the  roadstead.  Gape  May  and  Eicord's 
Channels  have  deepened  materially,  and  may,  therefore,  be  used  by 
larger  vessels  than  formerly.  The  northern  half  of  Grow  Shoal  has, 
however,  been  materially  washed,  and  there  appears  to  be  a  correspond- 
ing shoaling  of  the  inner  part  of  the  roadstead,  which  still  remains, 
however,  of  liberal  dimensions,  both  of  area  and  depth.  A  stone  bar- 
rier placed  along  the  shoal  would  arrest  the  tendency  to  wash  away, 
and  probably  check  the  deposits  in  the  deep  water.  A  general  wearing 
of  the  shore- line  seems  to  be  in  progress. 

On  the  whole,  I  consider  the  works  necessary  to  establish  a  harbor  of 
refoge  at  Grow  Shoal  roadstead  to  be  as  follows : 

1.  A  solid  breakwater  along  the  sboal. 

2.  Opening  the  channel  of  approach  by  dredging. 

3.  Ice-x>ier8  across  the  upper  end  of  the  harbor. 
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The  small  sketch  on  the  comparative  chart  exhibits  this  project,  aud 
an  estimate  of  the  probable  cost  accompanies  this  report. 

The  examination  of  this  subject  necessarily  brings  up  the  general 
question  of  harbors  of  refuge  at  the  mouth  of  Delaware  Bay.  The 
great  importance  of  provision  for  this  purpose  was  insisted  on  many 
years  ago,  and  the  result  was  the  formation  of  the  existing  harbor  un- 
der Cape  Henlopen.  In  later  years  the  question  has  been  how  to  pro- 
vide the  additional  harbor-space  which  the  growing  commerce  of  the 
Atlantic  seaboard  requires.  This  question  has  been  treated  by  the  sev- 
eral officers  who  preceded  me  in  the  charge  of  the  work,  and  has  been 
considered  to  require  the  enlargement  of  the  existing  harbor  by  some 
one  or  other  method.  This  is  the  natural  and  obvious  conclusion,  in 
which  I  have  acquiesced.  But  I  have  become  more  and  more  impressed 
T^ith  the  conviction  that  the  harbor  itself  is  a  mistake — one  that  could 
not  be  avoided  in  the  circumstances  under  which  it  was  projected,  but 
which  is  now  apparent  in  the  greatly  changed  condition  of  the  country. 
The  closing  paragraph  of  Mr.  Eppley's  report  is  of  great  weight  in  this 
respect. 

I  feel  confident  that  the  deep  water  pocket  on  the  Delaware  side  cov- 
ered by  the  "  Shears^  is  the  locality  that  must  eventually  become  the 
harbor  of  refuge  for  the  mouth  of  the  Delaware,  unless  the  entrance  to 
Grow  Shoal  roadstead .  can  be  made  of  ample  width  and  easy  access, 
and  so  maintained.  This  is  so  important  a  matter  that  it  cannot  be 
discussed  at  the  close  of  this  report.  It  is  merely  suggeste<l  as  having 
a  bearing  upon  any  examination  of  the  subject  of  increase  of  harbor- 
space  at  the  mouth  of*  the  Delaware.  It  is  believed  that  the  granite 
masses  now  forming  the  breakwater  and  ice-breaker  of  the  Delaware 
Breakwater  harbor  can  be  removed  and  replaced  along  the  southwestern 
edge  of  the  '^Shears"  Shoal  at  a  cost  that  would  not  be  inordinate  in 
view  of  the  vast  advantage  that  would  result  from  the  change. 
Very  respectfully,  your  obedient  servant, 

J.  D.  Kurtz, 
Lieut  Colonel  of  Engineers. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  8.  A, 


Beport  of  Mr.  F,  M.  Eppley^  Assistant  Engineer, 

United  States  Engineer  Office, 

Philadelphiay  January  d,  1874. 

Sir:  I  beg  leave  to  sabmit  for  yoar  consideration  the  following  report  upon  the 
hydro|i;raphic  survey  of  Crow  Shoal,  Delaware  Bay,  including  the  ioadst«ad  lying 
between  Crow  Shoal  and  Cape  May  County,  New  Jersey,  and  adjoining  slioals  and 
channels. 

The  object  of  the  survey  is  to  ascertain  the  expediency  of  constructing  a  breakwater 
or  artificial  harbor  on  or  at  Crow  Shoal,  to  afford  shelter  to  vessels  during  aturuis  or 
unfavorable  weather. 

A  chart  of  the  survey,  drawn  to  a  scale  of  TTriinr>  accompanies  this  report,  upon  which 
the  contours  are  shown  from  one  to  four  fathoms,  mean  low-water.  The  data  used  in 
constructing  the  chart  are  as  follows:  A  measured  base-line  4141.6';  eight  trigonome- 
trical stations,  at  which  94  angles  were  taken  ;  one  hundred  and  forty  miles  of  Hounding 
lines ;  5,285  soundings ;  1,146  bydrographic  angles ;  four  miles  shore-line  or  topugraphy ; 
twenty-eight  observed  high  and  low  tides;  and  a  hasty  examination  of  the  direction 
of  currents  in  the  roadstead.  The  w^hole  work  covers  an  area  of  29  square  miles,  aud 
was  completed  in  16  working-days. 

The  hydrometric  data  is  not  as  satisfactory  as  desired,  owing  to  our  short  stay  at  Cape 
May.  A  tide-gauge  was  erected  at  the  wharf  or  **  People's  Landing,"  aud  obHervations 
were  carefully  taken  every  15  minutes  by  an  intelligent  observer,  and  the  records 
-were  examined  at  intervals  by  my  assistant,  Mr.  Howard  Keunedyj  and  myself  A 
full  lunation^  or  57  consecutive  tides,  are  necessary  for  the  construction  of  a  complete 
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tide-table.  Even  then  there  are  certain  anomalies  which  can  only  he  eliminated  hy 
long  and  careful  observations.  The  summer  tides  are  larger  than  those  of  winter. 
This  Is  caused  entirely  by  winds.  The  southerly  or  summer  winds  carry  the  water 
into  Delaware  Bay.  and  a  fnil  tide  is  the  result,  while  during  the  winter  mouths  the 
Dorthwest  winds  prevail,  driving  the  waters  out  of  the  bay»  producing  low  tides. 

The  following  comparative  table  will  show  the  difference  between  the  present  obser- 
vations and  the  standard  observations  of  the  Coast  Survey  : 


• 

U.  S.  Engrs. 

U.  8  C,  S. 

Difference. 

Mean  rise  and  fall ....... . .... 

5  ft.  1  tenth.. 

Ghrs 

5  hrs. 36m.,. 
0  hrs.  24  m . . . 

4  ft.  2  tenths. 
6hrs.25m... 
6hr8.0m 

Of  9  tenths.. 

Mean  duration  of  rise 

25m 

Mean  duration  of  fall . 

34  m 

Mean  stand  of  hish- water.   ... .... ...... 

Mean  stand  of  low-water  ....   ....   ..... 

24  m 

Me^n  low-water  or  plane  of  reference, 
f  readini?  on  tide-craufire^.         -..--. 

5  ft.  9  tenths. 

6  ft 

Highest  observed  tide,  (wind  S.  E.) 

From  the  foregoing  the  difference  is  manifest,  as  already  explained.  A  common 
staff,  marked  to  feet  and  tenths,  was  used  in  making  our  observations,  and  is  not  con- 
sidered as  accurate  as  the  box-gauge  in  exposed  situations  or  in  localities  where  heavy 
ground -swells  prevail,  as  at  Cape  May. 

Regarding  tbc  fiirce  and  direction  of  winds  as  very  essential  in  the  discussion  of 
this  work,  1  insert  the  following  official  tabular  statement  of  mean  direction  and  force 
of  winds  and  other  meteorological  data,  for  which  I  am  indebted  to  Mr.  T.  F.  Town- 
send,  observer  Signal-Service,  U.  S.  A.,  at  Cape  May  City  : 

OjgHcial  tabular  statement  of  mean  direction  and  force  of  winds,  and  other  meteorological  data, 

at  Cape  May  City, 


[Computed  from  the  following  hoars  of  observation :  7  a.  m.,  7.43  a.  m.,  2  p.  m.,  4.43  p.  m. 
p.  m.,  local  time.    Barometer  corrected  for  temperature  and  elevation.] 

9p.  n 

.,  11.08 

Bnrometer. 

Thermometer. 

Wind. 

Bain. 

Date. 

1 

i 

5 

1 

^ 

i 

i 
1 

II 

£ 

>> 

I' 
li 

il 

C   3 

1 

u 

a 

c 
< 

il 

III 

June,  ICTl 

July  1871        

29.960 
29.975 
30.020 
30.120 
30.150 
30.049 
30.120 

1  30.080 
,  30.  010 

.30. 033 
I  30.070 
1  29.  985 
,  30.000 
!  29.  9.S0 

30.  047 
1  30.046 
1  30.  098 
1  30. 101 
1  30. 167 

!  30.  087 
1  30.014 
30.  01)6 
1  29.943 
1  an  nm 

30.240  1  29.540 
30.230  '  29.560 
30.320  1  29.610 
30.  420  1  29.  760 
30.  .560  1  29.  700 
30.510  1  29.370 
30.600  1  29.570 

30.450     29.630 
30.  6.30  1  29.  400 
30.500     29.440 
30.  440  1  29.  520 
30.  300     29.  500 
30. 270     29.  570 
30. 230     29.  720 
30. 270     29.  678 
30.  270     2^.  766 
30.  530  1  29.  O-W 
30.  590  1  29.  607 
30.  560  1  29.  496 

30.  481     29. 597 
30. 588     29.  247 

67.0 
72.0 
74.0 
64.0 
5a7 
43.0 
30.6 

31.5 
31.7 
.32.6 
48.0 
59.1 
66.8 
75.  1 
r3. 1 
67.4 
56.2 
43.0 
31.4 

32.7 
32.2 

84 
87 
84 
78 
74 
54 
48 

48 
50 
54 
73 

77 
84 
92 
81 
77 
72 
56 
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A  survey  of  Crow  Sho^l  was  made  iu  1835  by  M^jor  Hartmaa  Bache,  Uuited  States 
Topographical  Eugimerj,  for  a  similar  piirpise,  but  as  it  did  uot  receive  an  appropria- 
tion from  Con^r.^ss,  was  crmseqiieatly  abaudoued  for  a  time.  The  following  resolu- 
tions will  fully  set  forth. the  advantages  that  are  claimed  to  follow  the  construction  of 
an  artificial  harbor  at  Crow  Shoal : 

Extract  from  the  journal  of  the  sevent^efith  Senate  ofths  State  of  New  Jersey j  1861,  (p.  434.) 

"  It  is  well  known  that  for  over  twenty  years  the  question  of  the  constrnction  oi  an 
artificial  harbor  on  Crow  Shoal,  on  the  north  side  of  Cape  May,  has  been  contem- 
plated. 

"The  breakwater  at  Cape  Henlopen, fourteen  miles  southerly  from  Cape  May, 
designed  for  ships  and  large-class  vessels,  is  not  sufficient  to  accommodate  even  that 
class. 

"Not  unfrequently  is  it  the  case  that  so  great  is  the  number  of  large-class  yesseU 
that  no  protection  can  be  afforded  to  small  vessels.  Indeed,  they  would  regard  them- 
selves more  secure  from  danger  at  sea  than  in  such  a  harbor  under  such  circumstances. 

"Your  committee,  though  desiring  to  be  brief,  cannot  omit  calling  attention  to  the 
great  increase  in  the  coasting-trade.  This  increase  is  owing  to  the  very  great  and 
increasiug  demand  ibr  coal  at  the  East. 

"  Were  there  no  other  reasons  why  this  breakwater  should  be  made,  this  would  be  a 
sufficient  argument  in  favor  of  its  construction  ;  but,  in  addition  to  this,  large  amounts 
of  grain  and  merchandise  naturally  pass  through  the  Cape  May  Channel. 

"  The  amount  of  enroUed  tonnage  of  the  State  of  New  Jersey  (and  a  large  portion  of 
New  Jersey  tonnage  is  enrolled  in  the  districts  of  New  York  and  Philadelphia)  now 
reaches  about  150,000  tons. 

'*A  large  proportion  of  this  would  be  greatly  benefited  by  this  contemplated  harbor. 

"  The  estimated  value  of  merchandise  carried  annually  by  the  line  of  the  New  York 
Steam  Navigation  Company  is  $'20,000,000. 

"  The  recent  meeting  of  citizens  from  the  West,  at  Philadelphia,  and  the  result  of  that 
meeting,  is  likely  to  make  the  city  of  Philadelphia  an  immense  grain  market,  which,  it 
may  be  added,  is  an  additional  argument.'' 

Number  of  vessels  freighting  coal  from  Port  Richmond  to  Philadelphia  in 

1859 3,255 

Tons  of  coal  freighted , 806,445 

Number  of  men  employed  in  the  vessels  alone 19,  'ViO 

Amount  of  capital  invested  in  vessels ^ $64, 500, 000 

Much  may  be  added  to  this,  so  that  the  estimates  may  be  regarded  as  falling  greatly 
short  of  a  true  statement.  The  importance,  then,  of  this  contemplated  harbor  cannot 
be  overestimated. 

As  before  stated,  the  location  agreed  upon  by  our  most  experienced  nautical  and 
scientific  men  as  the  only  practicable  place  to  afford  the  requisite  facilities  for  protec- 
tion to  the  worthy  and  numerous  class  of  men  engaged  in  this  useful  and  necessary 
trade,  and  to  the  large  amount  of  invest-ed  capital,  is  Crow  Shoal,  Cape  May. 

Joint  resolutions  in  relation  to  the  construction  of  an  artificial  harbor  on  Crow  Shoal^  Cape 
Majff  for  the  protection  of  small^class  vessels. 

Whereas  the  construction  of  a  breakwater  or  artificial  harbor  in  Crow  Shoal,  Cape 
May,  for  the  purpose  of  affording  protection,  especially  in  stress  of  weather,  t-o  that 
portion  of  commerce  known  as  the  coasting- trade,  and  to  all  small-class  vessels,  ha» 
long  been  in  contemplation ;  and    ^ 

Whereas  the  great  increase  of  this  branch  of  domestic  commerce  has  so  increased 
the  demand  for  improvement,  that  has  always  been  deeme<1  as  important,  has  become 
an  absolute  necessity,  without  which  all  small-class  vessels  must  continue  to  be 
exposed  to  danger  of  the  ocean,  which  might  be  avoided  ;  and 

whereas  many  of  the  States  are  equally  interested  with  ourselves,  but  not  having 
their  attention  properly  called  to  the  subject,  and  not  being  altogether  aware  of  the 
benefits  to  be  derived  from  the  proposed  harbor,  have  not  had  the  feelings  of  their 
citizens  fully  enlisted  in  the  subject;  and 

Whereas  it  is  the  interest  of  New  Jersey  to  adopt  immediately  some  practical  measures 
by  which  States  interested  in  the  subject  may  become  enlisted  and  aid  from  the  Fed- 
eral Government  be  obtained  :  Therefore, 

1.  Be  it  resolved y  {house  oj  assembly  concurHng,)  That  the  governor  of  this  State  be, 
and  is  hereby,  authorized  to  appoint,  at  his  discretion,  a  committee  of  three,  whose 
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buBiness  and  duty  shall  be  to  visit  the  different  States  interested  in  this  sabject  and 
sohcit,  through  the  governors  and  legislatures  of  said  States  in  Congress,  and  urge  the 
passage  of  an  act  making  an  appropriation  for  said  artilicial  harbor. 

2.  Be  it  resolved.  That  the  governor  be,  and  he  is  hereby,  authorized  to  draw  on  the 
treasury  for  an  auiouut  not  exceeding  fifteen  hundred  dollars,  out  of  any  money  not 
heretofore  appropriated,  to  be  paid  to  said  committee  for  the  purpose  of  aiding  in 
defraying  their  reasonable  and  necessary  expenses. 

Downs  Edmunds. 

Nathanikl  S.  Stratton. 

David  D.  $chimp. 

J.  E.  Smith. 

Jonathan-  F.  Leaming. 

Samuel  Popk. 

C.  E.  P.  Mayhew. 

liESOLUTION  OF  DELAWARE-BAY  PILOTS 

We  J  a  meeting  of  the  Delaioare  pilots,  held  Thursday ,  August  21,  1873,  at  Cape  May  City, 
do  recommend  the  advantage  of  a  hreaktvater  on  Crow  Shoal. 

1st.  All  easterly- bound  coasting-vessels  are  compelled,  during  the  prevalence  of  all 
thick,  east-erly  weather,  to  shelter  within  the  capes.  Imuiediately  following  which  the 
wind  suddenly  veering  to  the  northwest  during  the  night,  not  ati'onling  NUtiicieiit  time 
to  weigh  anchor  and  get  to  sea,  are  subjected  to  shipwreck  and  loss  of  life. 

2d.  That  vessels  seeking  harbor  oif  Cape  May,  and  somewhat  northerly  also,  may 
hold  the  windward  shore  and  run  into  a  breakwater  on  Crow  Shoal ;  whereas  to  cross 
the  Delaware  would  be  exceedingly  hazardous. 

3d.  A  breakwater  on  Crow  Shoal  would  afford  a  secure  harbor  within  a  shorter  dis- 
tance of  over  thirteen  miles  than  the  one  at  Cape  Heulopen. 

4th.  A  harbor  properly  constructed  on  Crow  Shoal  will  be  the  best  and  most  secure 
harbor  against  the  ice  in  Delaware  Bay,  which  now  is  or  may  be  hereafter  con- 
structed. 

.'>th.  We  are  also  of  the  opinion  that  not  less  than  four  fifths  of  all  the  vessels  trading 
in  and  out  of  Delaware  Bay  can  easily  approach  this  harbor,  so  far  as  the  depth  ox 
watt-r  is  concerned. 

0th.  This  harbor  would  be  a  great  advantage  to  steamers  now  landing  thousands  of 
passengers  annually  within  the  capes  en  route  for  Cape  May  City,  whose  lives  and 
pro]>erty  are  more  or  less  endangered  at  the  present  time  without  the  protection  which 
the  breakwater  would  afford. 

7th.  The  present  breakwater  at  Uenlopen  does  not  afford  sufficient  anchoragQ 
accommodations  for  coasting-vessels  passing  in  and  out  by  Cape  May. 

William  Bennett, 
John  Sikvkns, 
I>kael  Huguks, 
Horatio  H.  Chukch, 
N.  B.  Smith, 
Thomas  Eldridge, 
Thomas  B.  Schkllenger, 
William  F.  Hand, 

Branch  Pilots, 

Crow  Shoal  lies  west  of  Cape  May  Ccninty  ;  runs  nbrmt  north  ami  south,  nearly  parallel 
to  the  shore.  It  is  suppoSL'd  tu  havt^  been  an  island  at  one  time,,  and  utivv  sceni::}  to  be 
a  part  of  Maurice  River  Flats.  It  ha.s  from  6.5  feet  to  12  feet  of  water  over  it  at  mean 
low-water.  In  extent  it  is  two  miles  long,  one-quarter  mile  wide,  tapering  at  both  ends. 
It  feels  bard  to  the  lead  when  sounding.  No  borings  were  made  for  specimens  of  sub- 
strata, bnt  from  such  observations  made  for  that  purpose  upon  other  shoals  in  Delaware 
Bay,  I  am  led  to  believe  that  it  is  composed  of  fine  sand  and  mud  to  a  depth  of  10  feet, 
when  gravel  and  clay  would  be  reached.  The  geological  formations  of  Cape  May 
County  are  two,  viz,  drift  and  alluvion,  and  belong  to  tlie  Quarternary  system.  Few 
bowlders  are  found  in  this  county,  and  none  in  the  immediate  vicinity  of  the  proposed 
work.     Quartz  pebbles  are  very  almndaut. 

In  order  to  give  an  approximate  idea  of  the  stratum  found  in  this  locality,  I  append 
the  following  memorandum  of  the  different  kinds  of  earth  passed  through  in  digging  a 
well  at  Congress  Hall,  Cape  May  City,  two  miles  from  Crow  Shoal.  It  may  not  have 
auy  particular  bearing  upon  this  work,  but  may  prove  valuable  in  the  future :  Que  foot 
soil;  4  feet  hard,  pebbly  gravel ;  10  feet  coarse  sand;  4  feet  clay;  "Z  teet  clay,  with 
crusts  of  iron  ;  9  feet  white  sand  with  an  abuudant  supply  of  wati-r;  whole  depth, 
30  feet.  From  a  reliable  source  I  learn  that  Cape  May  is  rapidly  cutting  away.  The 
shore  in  front  of  Cape  May  City  has  suffered  much  from  encroiiclinj"nts  of  tiio  sea; 
nearly  one  mile  has  washed  away  since  the  Revolution.    At  Towu  Basik,  the  immediate 
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site  of  the  contemplated  harbor,  there  has  been  a  rapid  wear  of  the  shore.  Nathan  C. 
Price,  a  sarveyor  of  Town  Bank,  says  his  lines  wbich  ran  to  the  shore  are  shorter  by 
50  rods  than  they  were  in  1776.  A  range  of  sand-hills,  commencing  abont  west  by 
south  from  the  light-house,  and  runniug  abont  north  in  the  direction  of  Higbee  Signal, 
can  easily  be  traced  by  the  eye,  and  evidently  marks  the  original  line  of  the  shore 
many  years  ago.  The  area  inclosed  by  the  sand-hills  and  present  shore-line  gives  life 
to  varied  vegetable  matter,  much  of  which  is  foreign  to  this  immediate  locality,  which 
clearly  demonstrates  an  alluvial  formation  of  a  comparatively  recent  period.  Hence, 
from  the  foregoing,  the  shifting  tendency  of  this  locality  is  clearly  shown,  and  should 
be  well  considered  in  the  study  of  this  project. 

There  are  two  channels  used  in  carrying  on  the  commerce  of  Delaware  Bay.  The 
main  ship-channel  has  an  almost  unlimited  depth  of  water  throuirh  the  bay,  commenc- 
ing nearly  abreast  of  Cape  Heulopen,  and  runs  abont  northwest.  The  Cape  May  Channel 
rnns  nearly  east  and  west  to  the  red  buoy,  or  where  the  light-house  bears  north,  where 
its  course  is  changed  to  northwest,  to  connect  with  Ricord's  Channel. 

The  tracks  of  inward-bound  vessels  are  marked  in  broken  lines  upon  the  chart. 
There  are  abont  24  feet  of  water  in  the  Cape  May  Channel,  while  Ricord's  Channel  has 
20  feet,  a  ^ain  of  4  feet  in  depth  since  the  Coast* Survey  chart  was  made. 

The  main  channel  is  used  by  all  large-class  vessels.  Cape  May  and  Ricord's  Channels 
afford  a  good  entrance  for  vessels  of  light  draught  and  some  large  coasters  bound  in 
"  light." 

'*  Statement  of  vesaeU  observed  by  the  light'hou9e  keeper  at  Cape  May,  N.  J,,  during  the  yean 
stated  beliwf  passing  in  or  out  of  Delaware  Bay  by  the  channels  on  the  New  Jersey  side. 


Years. 

Barks. 

Brigs. 

Schoon- 
ers. 

Sloops. 

Steamers. 

Totol. 

Remarks. 

1866 

6,187 
5,155 
5.843 
7,024 
8,li?6 
9,985 
9,472 

'963 
755 
668 
1,344 
2,069 
1.826 
1,254 

140 
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892 
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11,618  1 
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1867 
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1 
3 
13 

1868 

Traoacript  of 

1869    

3 

I   daily  register 
f  from  1866  to 

1870 

1871 

1872. 

1872 

"  The  journal  of  vessels  passing  in  vicinity  of  light  is  not  headed  for  pilot-boats,  conse- 

aneutly  they  are  numbered  with  the  schooners.  There  are  a  number  of  vessels  that  pass 
bis  cape  in  the  night  that  we  don't  see.  But  few  vessels  pass  this  cape  late  in  the  fall 
and  duriug  the  winter  mouths,  from  the  fact  of  there  being  no  harbor  for  safe  anchorage 
short  of  Morris  River,  twenty  miles  above  the  cape.  Coal-vessels  bound  north,  that 
would  prefer  running  the  Jersey  channel,  go  down  the  Delaware  side  and  anchor  in 
the  breakwater,  where  they  can  lie  with  safety  until  wind  and  weather  are  favorable 
for  going  to  sea.  Pilot-boats,  for  the  same  reason,  seldom  anchor  on  this  side  except 
in  the  summer  months. 

"D.  E.  Foster, 
*•'  Keeper  Cape  May  LigkU^ 

The  harbor-master  of  Philadelphia  informs  me  that  there  are  about  500  coasting- ves- 
Fels  trading  with  the  port  of  Philadelphia,  through  the  Delaware  Bay,  making  firom 
7  to  8  annual  trips.    The  average  draught  of  these  vessels  is  from  11  feet  to  13  teet. 

The  following  is  a  list  of  wrecks  taken  from  the  official  journal  ot  the  light-house- 
keeper at  Cape  May : 

"  Sfhooner  Joseph  Maxwell  came  ashore  on  the  main  beach  about  4^  o'clock  on  the 
morning  of  September  25,  186«,  in  a  fog ;  bound  to  Philadelphia  from  Bath,  Me. 

"  2.  Schooner  William  Wallace  came  ashore  on  "Cox's  Shoal  near  Cold  Spring  Inlet, 
about  G  miles  east  of  Cape  May  light,  on  Sunday  night,  October  6,  1872.  She  had  ev- 
idently been  run  into,  there  being  a  large  hole  in  her  side,  and  her  masts  were  cut 
awny  ;  supposed  to  have  been  run  down  by  a  steamer,  near  the  light-ship  on  Five 
Fathom  Bank  ;  wind  on  Saturday  southeast,  getitle. 

"3.  On  the  night  of  25th  October,  1H72,  abont  8  o'clock,  wind  east,  blowing  half 
gale,  an  Australian  brig  from  Rio  Janeiro,  bound  to  New  York,  came  ashore  on  the 
main  bench,  about  three  miles  east  of  Cape  May  light. 

"4,  On  Sunday  night,  October  20,  1872,  a  schooner  struck  on  a  shoal  up  the  Dela- 
ware Bay,  about  10  miles  above  Cape  May  light. 

"  5.  November  25,  1872,  schooner  from  Somerset,  Mass.,  bound  to  Philadelphia,  was 
working  into  Delaware  Bay,  with  fresh  southwest  breeze;  attempting  to  gn  about<, 
'  missed  stays '  and  came  ashore  on  the  beach  about  three  miles  ea«t  of  Cane  Mav 
light. 


Digitized  by  LjOOQ  IC 


REPORT   OF   THF   CHIEF   OF   ENGINEERS.  153 

"  March  29, 1873,  schooner  Clara  Davidson  came  ashore  on  Cold  Spring  Bar,  six  miles 
east  of  Cape  May  light.  She  was  from  North  Carolina,  hound  to  Philadelphia ;  wind 
northwest,  hlowlng  heavily,  rough  sea/' 

The  following  was  taken  from  one  of  the  Philadelphia  journals  since  my  departure 
from  Cape  May : 

"  Octoher  29, 1873.  The  schooner  Annie  Magee,  from  Boston  to  Philadelphia,  parted 
chains  and  came  ashore  on  the  beach  near  the  steamboat  landing,  during  a  heavy  gale 
from  N.  W.  N.    Vessel  will  be  gotten  off." 

The  above  mentioned  is  the  only  vessel  that  has  come  to  my  knowledge  as  having 
sustained  injury  when  harboring  in  Cape  May  Roads.  By  reference  to  the  foregoing 
extracts  from  the  light-keeper's  journal  at  Cape  May  it  will  be  seen  that  nearly  all 
the  wrecks  occurred  several  miles  to  the  eastward  of  Cape  May,  and  I  have  no  doubt 
that  the  want  of  a  small  light  or  beacon  at  Hereford  or  Cold  Spring  Inlet  was  the 
cansM  of  many  of  these  disasters.  A  light  at  Hereford  Inlet  is  now  in  course  of  con- 
struction. 

The  work  of  constructing  a  harbor  at  Crow  Shoal  for  the  better  protection  of  coast- 
ing vessels  would  involve  a  breakwater  of  not  less  than  one  mile  in  extent,  situated 
directly  inside  the  12-foot  curve  on  the  east  side  of  Crow  Shoal,  thereby  protecting  a  part 
of  the  "  pocket "  or  cul  de  sac  known  as  Cape  May  Roads  from  the  violence  of  the  sea 
generated  by  westerly  winds  and  from  doating  ice  during  the  winter  mouths.  The 
favorable  trend  of  the  shore  and  the  configuration  of  the  bottom  of  this  locality  ex- 
hibit many  points  in  &vor  of  the  construction  of  such  a  work,  and  may  be  regarded 
in  almost  every  respect  feasible,  if  not  expedient. 

Such  a  work  would  only  be  found  useful  during  the  winter  months  in  protecting 
vessels  from  northwest  winds,  but,  with  the  wind  from  that  direction,  it  would  be  im- 
possible for  vessels  to  get  into  the  harbor;  besides,  at  such  times  there  is  good  anchor- 
ing ground  under  the  lee  of  the  main  beach,  on  the  east  side  of  the  cape.  I  have 
been  informed  by  pilots  and  others  that  they  have  seen  from  iifty  to  sixty  vessels  an- 
chored at  that  place  during  northwest  gales  without  sustaining  loss  or  injury.  I  do 
not  think  that  the  existence  of  a  harbor  at  Crow  Shoal  would  induce  more  vessels  to 
nse  the  Cape  May  Channel,  as  the  average  draught  of  vessels  in  the  coasting-trade  is 
too  great  to  navigate  with  safety  in  this  locality.  Pilots  seldom  bring  vessels  through 
this  channel  which  draw  more  than  10  feet  of  water. 

During  the  summer  months,  when  southerly  and  easterly  winds  prevail,  the  Cape 
May  Channel  affords  a  good  entrance  to  vessels  of  light  draught  and  large  "  coasters" 
bound  in  "  light,"  especially  those  from  the  eastward.  They  almost  invariably  have  a 
fair  wind  at  such  times,  which  permits  them  to  pass  through  Cape  May  and  Ricord's 
Channels  into  Delaware  Bay.  Under  such  circumstances  a  harbor  at  Crow  Shoal  is  not 
reqnired.  During  the  winter  months,  when  the  northwest  winds  prevail,  we  have  not 
this  advantage.  These  channels  become  somewhat  dangerous,  as  it  compels  the  mariner 
to  bt^at  against  head- winds  through  a  comparatively  narrow  channel,  thus  greatly  en- 
dangering his  vessel  by  running  aground  on  the  contiguous  shoals  should  the  vessel 
''  miss  stays"  in  **  going  about."  In  fact,  it  would  be  impossible  to  navigate  this  chan- 
nel during  head- wind  and  tide,  to  say  nothing  of  the  floating  ice,  which,  influenced  by 
the  northwest  winds,  must  necessarily  encumber  these  channels  entering  the  Delaware 
Bay  by  the  lee  shore.  This  fact  alone  would  almost  preclude  Any  attempt  to  construct 
a  harbor  or  ice-breakers  upon  a  lee  shore. 

Cape  May  Roads  is  now  sufficiently  protected  to  insure  safety  to  all  ordinary  vessels 
against  any  sea  that  may  be  propagated  in  Delaware  Bay.  By  reference  to  the  chart 
it  will  be  seen  that  Crow  Shoal  is  hard,  while  immediately  inside  we  have  a  soft,  sticky 
bottom.  It  is  a  well-established  fact  that  soft  mud  cannot  repose  near  the  surface  in 
exposed  situations,  and  it^s  presence  in  comparatively  shoaj  water  in  this  case  seems  to 
be  a  delicate  test  of  the  depth  to  which  the  disturbance  at  the  surface  has  reached, 
and  may  l>e  regarded  as  an  evidence  of  its  protection  against  heavy  seas.  A  heavy  sea 
approaching  the  roadstead  from  any  direction  of  exposure  cannot  reach  it  without  first 
encountering  shoal  wat-er,  which  tends  to  break  off  the  violence  of  the  sea.  Mr.  D. 
Stevenson  says,  to  the  production  of  considerable  undulations  capable  of  ii^'uring 
marine  works  or  endangering  their  stability,  these  conditions  are  necessary : 

1st.  ^*  That  the  sheet  of  water  acted  upon  shall  have  considerable  area. 

2d.  *'That  its  configuration  shall  be  such  that  the  wind  moving  over  it  in  any  direc- 
tion shall  act  upon  its  surface  extensively,  both  in  direction  of  length  and  breadth. 

3d.  *'That  the  depth  of  water  shall  be  considerable  and  unobstructed  by  shoals,  so 
as  to  permit  undulations  to  develop  themselves  to  a  great  extent  without  being  checked 
by  retardations  caused  by  shallow  water  and  unequal  bottom." 

A  glance  at  the  Coawt^Survey  chart  of  Delaware  Bay  will  show  the  greatest  length  of 
**  fetch  "  or  area  of  water  over  which  the  wind  can  act  to  be  50  miles  in  the  direction 
of  N.  W.  It  will  also  be  seen  that  the  undulations  pr.>pagated  by  these  winds  must 
|»a8s  over  considerable  area  of  shoal  water,  aud  before  reach  Tiig  the  roadstead  a  greater 
obstacle  presents  itself  in  the  existence  of  Crow  Shoal.  If,  during  at  »rms,  these  waves 
be  of  an  oscillatory  character,  they  become  breakers  or  waves  of  translation  upon  reach- 
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ing  Crow  Shoal.  The  effect  of  this  would  be  comparatively  smooth  water  in  the  road- 
stead. Even  in  the  absence  of  all  the  advantages  derived  from  the  shoals,  the  sea 
could  not  be  great,  owing  to  the  short  distance  of  the  •*  fetch." 

In  discussing  this  subject  I  have  onl3^  considered  the  northwest  winds,  as  they  are 
conceded  to  be  the  only  winds  capable  of  producing  seas  which  would  endanger  the 
safety  of  vessels. 

With  tbe  present  improvements  in  ship-building,  and  the  increased  size  of  ground* 
tackle  which  vessels  now  carry,  it  would  seem  fair  to  suppose  that  vessels  could  anchor 
anywhere  in  Delaware  Bay  in  the  absence  of  floating  ice.  Our  blockading  squadron  dur- 
ing the  late  war  lay  at  anchor  in  the  open  sea  along  the  Atlantic  coast,  subject  to  the 
fury  of  waves  of  10  feet  to  20  feet  high,  and  were  seldom  kuown  to  get  under  way  on 
account  of  storms. 

1  have  not  been  able  to  learn  upon  inquiry  from  many  naval  officers  that  any  of  these 
vessels  were  lost.  This  case  may  only  apply  to  large  vessels,  but  in  dealing  with  this 
subject  we  must  regard  the  coasting- vessels  much  increased  in  size  when  compared 
with  those  of  fifteen  years  afo.  At  that  time  schooners  carrying  from  150  to  200  tons 
were  considered  very  large,  and  it  would  have  seemed  absurd  to  put  "  fore-and-aft '' 
Bails  upon  vessels  of  a  larger  size,  while  at  present  there  are  comparatively  few  vessels 
in  the  coasting-trade  of  less  than  200  tons,  and  the  majority  carry  500  tons  and  up- 
ward. 

The  pilots  of  Delaware  Bay  are  almost  unanimous  in  recommending  a  breakwater 
on  a  shoal  known  as  the  "  Shears,^'  on  the  west  side  of  the  main  ship-channel.  This 
site  is  nearer  the  deep  water,  and  would  be  available  for  all  classes  of  vessels,  while  the 
harbor  at  the  Delaware  Breakwater  in  a  few  years  will  only  afford  protection  to  small 
vessels,  as  it  is  iilliug  up  very  fast.  Should  the  harbor  at  Crow  Shoal  be  made,  we 
will  then  have  no  protection  for  large  vessels,  and  a  harbor  on  each  side  of  Delaware 
Bay  for  small  ones. 

Very  respectfully,  your  obedient jservant, 

F.  M.  Eppley. 

Lieut. -Col.  John  D.  Kurtz, 

Corps  of  Engineers f  U.  S.  A. 

Estimate  of  probable  cost  of  a  harbor  of  refuge  at  Crow  Shoal  Roadstead^  New  Jersey, 

2,204,000  tons  granite,  at  $3.50  per  ton |7, 714, 000 

Cost  of  depositing  stone  and  all  contingencies,  18  per  cent 1,  :>^,  520 

Fifty  ice-piers,  at  820,000  each 1,000, -000 

To  dredge  entrance-channels,  1,500,000  cubic  yards,  at  25  cents 375, 000 

10,477,520 
J.  D.   KUKTZ, 

Lieat,  Colonel  of  Engineers, 
Unitbd  States  Engineer  Office, 

Philadilphiaf  Pa,y  February  14,  1H74. 


APPENDIX    W. 

ANNUAL  REPORT  OF  LIEUTENANT  COLONEL  JOHN  NBVY- 
TON,  CORPS  OF  ENGINEERS,  FOR  THE  FISCAL  YEAR  END- 
ING  JUNE  30, 1873. 

[Letter  of  transmittal  nnder  Appendix  G.J 


W  I. 


IMPROVEMENT  OF  THE  HUDSON  RIVER  FROM  TROY  TO  NEW  BALTIMORE, 

NEW  YORK. 

Extensiou  of  Bjise  Island  dike  for  a  length  of  2,448  feet  wan  awarded 
in  contract  to  Mr.  James  D.  Leary.  The  limit  of  time  was  December 
31,  1873,  which  was  extended  to  June  30, 1874.    This  extension  was  not 
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effectual,  since  almost  coiitinuoas  freshets  in  the  river  have  made  it  im- 
possible to  finish  the  work.  It  will  be  completed  in  the  month  of 
Angust. 

The  liabilities  on  account  of  this  extension  are  $14,688. 

The  north  end  of  the  Bath  dike  and  the  cross-dike  connecting  it  with 
east  bank  were  repaired  at  a  cost  of  $387.18. 

A  portion  of  the  Small  Island  dike,  to  close  the  space  from  the  Jagger 
Iron- Works,  near  the  city  of  Albany,  to  the  .north  end  of  Bogart's 
laland,  was  commenced  under  contract  with  James  D.  Leary.  The 
limit  of  the  contract  was  December  31,  1873,  which  was  extended  to 
June  30, 1874 ;  but  the  prevalent  high- water  of  the  river  has  made  it  im- 
possible to  finish  this  work.  It  will  be  comuleted  in  August.  The 
length  of  the  portion  under  contract  is  2,58(>|:  feet,  and  the  liabilities 
therefrom  will  be  $14,449.40. 

The  river  had  begun  to  encroach  seriously  upon  the  face  of  Bchodac 
Island.  The  dike  which  was  commenced  several  years  since,  to  protect 
this  island  and  connect  Oastleton  and  Schodac  dik^s,  was  left  unfin- 
ished, for  reasons  given  in  a  previous  report.  To  prevent  the  river 
turning  the  dike,  a  stone  wall  and  dam  to  the  shore  were  constructed, 
at  a  cost  of  $124. 

Cedar  Hill  dike  was  partially  filled  where  settlement  of  the  stone  had 
progressed,  and  other  partial  repairs  made  to  the  dike,  at  a  cost  of 
$147.04. 

The  direction  of  the  north  end  of  the  Middle-Ground  dike,  at  Coey- 
man's,  was  slightly  changed,  at  a  cost  of  $146.04.  This  end  of  the  dike, 
damaged  by  collision  and  much  cut  up  by  tioatiug  ice,  was  afterward 
repaired  and  iron  sheathed,  at  a  cost  of  $232.86. 

Roah-Hook  and  Barren  Island  dikes,  at  Coeyman's,  were  filled  with 
Btone  to  compensate  for  settlement,  at  a  cost  of  $447. 

REPAIRS  OF  EXISTING  WORKS. 

Port  Schuyler  dike  has  been  breached  by  the  ice  and  collisions.  This 
has  been  noted  in  past  annual  reports,  but,  as  the  urgency  has  not  been 
pressing,  it  is  again  mentioned  only  to  introduce  the  probable  cost, 
which  is  estimated  to  be  $9,000. 

Pile-dike,  forming  the  lower  end  of  the  Overslaugh  dike,  needs  repairs 
and  filling  with  stone. 

Probable  repairs  at  Parda  Hook  dike  and  at  Cedar  Hill  dike,  includ- 
iog  stone  filling. 

Boah-Hook  and  Barren  Island  dikes  need  to  be  leveled  up  with 
stoue. 

Excepting  the  repairs  of  Port  Schuyler  dike,  the  other  repairs  needed 
would  probably  cost  $1,500. 

CONTINUATION  OP  THE  IMPROVEMENTS  OP  THE  RIVER. 

The  object  of  the  repairs  of  the  Port  Schuyler  dike  would  be  to 
diminish  its  height  to  a  level  a  little  above  that  of  mean  high-water. 
The  eftect  of  the  high  level  heretofore  held  has  been,  by  concentrating 
the  scour  at  a  narrow  gorge  in  the  course  of  the  river,  to  convey  gravel 
and  large  material  to  form  Round  Shoal  below.  By  holding  the  top,  on 
the  contrary,  at  a  low  level,  the  floods  easily  escai>e  through  the  back 
channel,  and  thus  diminish  the  8nx>pl3'  ot*  gravel  sent  down  the  main 
channel.    This  matter  has  been  referred  to  in  the  annual  report  of  J  873. 

Much  of  the  flood  now  escaping  through  the  breaches  in  this  dike 
returns  to  the  main  channel  some  distance  below  over  the  top  of  a  low 
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dike  constructed  by  the  Unit/ed  States  in  1867  to  connect  Hillhouse  and 
Patroon's  Islands.  The  effect  of  this  is  bad,  as  the  floods  bring  over 
large  qnantities  of  sand  to  fill  up  the  channel,  already  obstructed  by 
Bound  and  Fish- House  Shoals.  This  return  of  the  waters  to  the  main 
chaunel  is  partly  due  to  the  fact  that  at  some  period,  supposed  between 
1830  and  1843,  dams  were  built  connectiugOuyler's  and  Patroon's Islands 
with  the  west  shore,  and  thus  closing  the  back  channel.  In  order  to  re- 
•  lieve  the  main  channel  of  the  evil  effects  of  the  floods,  it  will  be  neces- 
sary, besides  lowering  Port  Schuyler  dike  during  its  repairs,  likewise  to 
raist^  the  level  of  the  pile-dike  above  named,  and  to  remove  the  dams 
across  the  back  channel ;  for  the  latter  operation,  probably,  it  may  be 
necessary  to  obtain  the  consent  of  the  State  of  New  York,  as  the 
owners  of  the  islands  in  questiou  may  have  some  interest  in  preserving 
the  dams,  which  serve  as  causeways  or  roads  to  connect  their  property 
with  the  mainland. 

Lowering  the  level  of  Port  Schuyler  dike |9, 000  00 

Raising  the  level  of  tbe  pile-dike  to  an  additional  height  of  4  feet iO,000  00 

Removing  obstractions  in  back  channel,  probably 15, 000  00 

34,000  00 

The  above  includes  what,  in  my  judgment,  should  be  applied,  besides 
the  works  already  constructed,  to  the  permanent  improvement  of  that 
portion  of  the  river  between  Troy  and  Albany. 

Alter  eliminating,  as  far  as  possible,  the  evil  consequences  of  the 
freshets  by  the  system  above  recommended,  additional  permanent  im- 
provement can  be  secured  by  encouraging  the  ascent  of  the  tide,  which 
will  entirely  depend  upon  the  measures  to  be  taken  for  the  improve* 
ment  of  the  river  below  Albany, 

Beside  the  two  railroad  bridges  already  constructed  at  Albany,  a 
third  has  been  authorized  by  the  legislature.  However  carefully  the 
distances  and  dimensions  of  the  piers  may  have  been  adjusted,  it  is  im- 
possible, when  the  number  of  bridges  has  been  multiplied,  to  avoid  in- 
terference with  the  tides  and  currents,  and  one  shoal  at  least  has  already 
grown  considerably  since  the  construction  of  the  last  bridge.  The  third 
bridge  designed  has  the  additional  bad  feature  of  a  low  level  of  road- 
way. 

If  the  third  bridge  be  permitted  to  be  established,  the  small  extent  of 
wharf-line  below,  and  available  for  vessels,  would  prove  entirely  insuffi- 
cient for  the  business  of  the  port.  The  tows  for  New  York  are  made  up 
below  the  bridges,  and  the  free  area  of  the  harbor  below  existing 
bridges  is  already  too  restricted  for  the  purposes  for  which  it  is  intended. 
It  is,  in  my  opinion,  a  gross  violation  of  the  rights  of  commerce  and 
navigation  to  attempt  the  construction  of  the  third  bridge^  as  de- 
signed, and  it  should  be  prevented,  if  there  be  pf)wer  anywhere  compe- 
tent to  such  end.  I  conclude  this  portion  of  the  report  by  presenting 
extracts  from  Lieut  J.  H.  Willard's  report  to  me,  which  I  respectfully 
recommend  to  your  notice : 

The  subject  of  improving  and  enlarging  the  canals  that  enter  the  Hudson  is  yet  in 
abeyance ;  but  when  the  varions  plans  for  cheap  transportation  are  presented  for  dia- 
•cu^)Sion,  the  Erie  at  least  will  occupy  a  great  share  of  attention. 

But  from  the  outset  all  will  have  been  in  vain  if  the  great  natural  basin  into  which 
they  discharge  is  permitted  to  suffer  injury.  The  Hudson  River,  from  Troy  to  deep- 
wat«r,  should  be  cousidered  as  the  continuation  of  the  canal,  and  should  be  kept  free 
and  open,  ready  to  take  its  place  in  the  general  scheme  of  improvement. 

The  great  city  of  St.  Louis,  a  thoroughfare  to  the  West,  has  one  bridge  for  its  accom- 

Digitized  by  LjOOQ  IC 


EEPOKT   OF   THE   CHIEF   OF   ENGINEERS.  157 

modatfon ;  here  there  are  already  two  doahle-track  hridges,  both  of  which  can  be  con- 
trolled by  the  General  Goyernment  and  by  the  State,  so  that  there  can  be  no  call  for 

another  railroad-brid&e. 

•  •  •  •  *         .  «  • 

The  interval  between  Westerloo  Island  and  the  city  of  Albany  should 
be  closed,  leaving,  however,  a  slip  of  sufficient  depth  for  the  accommo- 
dation of  the  property-owners.  Through  this  channel  water  that  is 
needed  for  the  main  channel  is  uselessly  drained  off  to  the  back  chan- 
nel. The  works  required  for  this  object  would  not  probably  cost  more 
than  $6,000. 

Small  Island  dike,  a  portion  of  which  has  already  been  put  under 
contract,  should  be  extended,  as  designed,  to  the  head  of  Bogart's 
Island,  a  distance  of  about  2,000  feet,  and  will  cost  $10,000. 

The  dike  spoken  of  in  iormer  reports,  and  designed  to  be  parallel  to 
the  Overslaugh  dike,  should  be  commenced  at  the  earliest  date ',  at  most, 
it  would  be  13,000  feet  long,  and  would  cost  possibly  $78,000. 

This  work  is  absolutely  necessary  to  improve  the  channel  at  the 
Dverslaugh,  over  which  at  mean  low-water  there  has  never  been  an 
available  depth  exceeding  8  feet. 

The  old  State  dam  in  this  neighborhood  should  be  removed,  as  recom- 
mended in  former  reports.    Estimated  cost,  $7,000. 

Austin's  Rock,  l,900cubic  yards,  now  requires  removal.  The  probable 
cost  will  be  $26,000.  The  revetment  of  Scammerhaun  Island,  2,500 
feet  long,  will  cost  $10,000. 

The  dike  forming  a  face  to  Schodac  Island  should  be  finished.  Esti- 
mated cost,  1,900  feet  at  $4,  $7,600. 

A  dike  3,500  feet  long  to  connect  Scammerhaun  and  Shad  Islands 
would  probably  be  required.  Its  estimated  cost  is  $17,500.  A  dike 
from  Shad  Island  extending  down  stream  4,000  feet  would  cost  $20,000. 

The  two  dikes  above  named  would  fulfill  the  important  object  of  guiding 
the  flood  to  intersect  the  ebb-channel,  and  thus  avoid  several  cross-overs 
or  shoal  spaces  which  separate  the  present  flood  and  ebb  channels. 

The  last  dike  in  the  order  named  would  also  serve  to  deflect  the  course 
of  Jolly  Creek,  which  enters -the  river  at  the  lower  end  of  Shad  Island, 
and  forms  there  a  considerable  deposit,  to  the  serious  inconvenience  of 
navigation. 

A  dike  from  the  lower  point  of  Barren  Island  about  5,000  feet  long, 
and  parallel  to  the  New  Baltimore  dike,  would  cost  $32,000.  In  con- 
janction  with  this  the  beacon-light  on  the  shoal,  and  opposite  to  the 
lower  portion  of  the  New  Baltimore  dike,  should  be  moved  to  some 
other  place.  The  site  of  this  beacon-light  occupies  nearly  the  middle 
of  the  proposed  channel,  and,  being  enrocked  to  preserve  it,  serves  at 
the  present  time  to  maintain  the  shoal,  which  it  is  intended  by  the  con- 
struction of  the  dike  to  get  rid  of  in  whole  or  in  part.  The  efl'ect  of 
the  dike  would  be  to  increase  the  flood  action  through  the  main  cliau- 
nel,  whereas  at  the  present  time  the  first  effort  of  the  flood  is  thrown 
on  the  west  bank,  and  it  is  only  by  a  secondary  effort  that  it  is  event- 
nally  carried  up  the  main  channel.  In  addition  to  the  above,  a  drag 
should  be  used  to  assist  the  currents  to  remove  certain  portions  of 
shoals  and  to  increase  the  depth  in  man3^  places,  particularly  upon  the 
middle  ground  at  Coeyman's,  in  the  re-entering  opposite  Barren  Island, 
along  the  main  channel  in  front  of  Coeyman's,  &c.  The  cost  for  two 
years'  service  would  be  about  $20,000. 

A  glance  at  the  map  will  show  the  value  of  the  operations  recom- 
mended from  Coeyman's  to  New  Baltimore,  in  opening  the  way  for  the 
flood-tide,  and  in  throwing  the  separate  flood  and  ebb  channels  now 
existing  into  one  channel 
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And  the  same  object  is  kept  in  view  in  the  Fecommended  structore  at 
Shad  and  Scammerhaun  Islands  and  at  the  Overslaugh.  , 

It  will  then  be  perceived  that  the  results  arrived  at  in  this  report  are 
most  important,  and  must  combine  in  one  whole  the  series  of  partial 
improvements  already  effected  in  the  navigation  of  this  river.  What 
has  been  herein  recommended  appears  to  me,  after  a  careful  look  over 
the  whole  ground,  to  embrace  all  that  is  strictly  necessary  toward  a 
permanent  improvement,  and  I  think  the  sums  asked  for  to  complete 
this  project  will  develop  more  visible  improvement  than  all  that  has 
hitherto  been  expended,  because  the  period  has  at  length  arrived  when 
full  advantage  can  be  taken  of  the  exceosive  works  already  built  and 
distributed  between  New  Baltimore  and  Troy. 

Amonnt  (^estimated  ooet  of  oompletingjthe  work $369,600  00 

Balance  avaUablo  July  1, 1874 $134  87 

Appropriation  approved  Jone23, 1874 40,000  00 

40, 134  87 

To  be  paid  E.  R.  Sewavd,  act  approved  Jnae  23, 1874 7, 468  00 

32,672  87 

Ainonnt  to  be  appropriated  to  complete  the  work 236,927  13 

Amount  already  appropriated  by  Congress .« >..«^ 730,188  00 

967, 115  13 

Amonntofestimateof  1868 984,304  47 

The  money  available  for  this  year's  operations  will  be  devoted,  first, 
to  the  extension  of  the  Small  Island  dike  to  the  head  of  Bogart's 
Island,  aud  the  remainder,  which  will  be  insufficient  for  any  large  opera- 
tion, will  probably  be  devoted  to  raising  the  level  of  the  dike  connecting 
Hillhou^e  ani  Patroon's  Island. 

The  next  work  which  shonld  be  undertaken  is  the  improvement  of  the 
important  channel  known  as  the  Overslaugh,  apon  which  no  works  have 
been  constracted  since  about  1834. 

These  improvements  consist  in  construeting  a  dike  parallel  to  the 
Overslaugh  dike,  and  in  removing  Austin's  Bock. 

The  dike  will  cost f76,000  00 

And  Austin's  Rock 26,000  00 

Total.... 102,000  00 

asked  to  be  appropriated  during  the  next  session  of  Congress. 

In  regard  to  the  operations  above,  it  is  manifest  that  they  go  together, 
and  must  be  completed  without  delay  after  once  being  commenc^. 

In  what  has  preceded,  I  have  insisted  npon  the  necessity  of  urging  the 
flood-tide  up  in  greater  volume,  as  upon  this  depends  mainly  the  im- 
provement. The  freshets,  except  to  obviate  their  evil  effects,  do  not 
enter  properly  within  the  scope  of  a  discussion  for  the  amelioration  of 
navigation  within  the  limits  of  the  river  assigned  to  my  charge. 

But  in  order  to  enable  the  flood  to  act  with  its  greatest  energy  it  would 
not  merely  be  necessary  to  remove  impediments  to  its  course  within  the 
district  under  discussion,  for  an  inspection  of  the  maps  show  that  the 
volume  and  energy  of  this  tide  are  much  impaired  in  the  lower  course  of 
the  river,  viz,  between  New  Baltimore  and  Hudson.  At  many  points 
in  this  jxH'tiou  the  ebb  and  flood  tides  take  different  channels,  while 
favorable  opportunities  are  indicated,  at  the  same  time,  for  closing  one 
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of  tbe  channels  into  which  the  course  of  the  river  is  divided,  and  com- 
pelling the  two  tides  to  follow  the  same  coarse. 

The  importance  of  this  result  upon  the  improvements  of  the  upper 
part  of-  the  river  is  obvious  without  discussion,  while  the  benefits  to  be 
gained  require  no  enlargement  from  language. 

The  river-bottom  b(  tween  New  Baltimore  and  Hudson  is  generally 
wide,  entirely  too  much  so  for  a  proper  regulation  if  left  entirely  to  na- 
ture, and  the  result  is  seen  in  numerous  channels  interfering  with  each 
other,  and  in  the  existence  of  several  shoals  which  have  already  demanded 
the  attention  of  the  State  of  New  York  for  their  temporary  removal. 
But  this  mode  of  treatment  is  generally  ineffectual  except  in  wasting 
money,  and  I  therefore  recommend  that  an  examination  be  made  oi 
the  space  extending  from  New  Baltimore  to  Hudson  with  the  view  of 
ascertaining  what  measures  can  be  taken  to  regulate  the  course  of  the 
river,  and  to  improve  certain  shoal  places,  as  well  as  the  probable  cost 
of  such  operations. 

Financial  skitement 

BalAnoe  Id  Treasary  of  United  States  Jaly  1, 1873 $49,500  00 

Amount  in  hands  of  ofiBcer  and  subject  to  nis  check 11,278  S9 

Amonnt  appropriated  by  act  approved  Jnne  23, 1874 40,000  00 

Amoont  expended  darin<  the  fiscal  year  ending  June  30, 1874 «•  ....  29, 634  63 

Amonnt  available  Jaly  f,  1874, 40,134  87 

Amount  required  for  the  fiscal  year  ending  June  30, 1876 102, 000  00 


Abstract  of  Uds  far  can$truoHng  pile-dike  in  Hudson  River,  n^ar  Albany,  JV.  T.,  opened 

August  11, 1873. 


Bldd«n' 


Softtheitt  extenston 
of  Base  IilAod  dike, 
S,500  feet  long. 


Dike  at  Cnyler'a  Bar, 
4.000  feet  long. 


Total 


llhonaa  C.  Jeffera 

WiUlam  Fuller  and  John  B.  Marshall 

David  Peroira 

JameaD.  Leary 


16  70  per  Hoear  foot. 
0  04  per  linear  foot. 

5  64  per  linear  foot. 

6  00  per  linear  foot. 


$6  90  per  linear  foot. 
5  51  per  linear  foot. 
5  31  per  linear  foot. 
5  60  per  linear  foot. 


141, 5S0 
37,140 
35,640 
37,400 


The  bids  of  Fuller  and  Marshall  and  David  Pereira  were  thrown  out  for  collusion 
and  attempt  to  defraud  the  Oovernment. 


Abstract  qf  contract  for  constructing  pile-dike  in  Hudson  River ^  near  Albany,  JV.  T, 


Contraotor'a  i 


)  and  reaidenoe. 


Date  of  contract. 


Snbject  of  contract. 


Jamea  D.  Leary,  Brooklyn,  K.  Y. 


Angntt  35, 1873 . 


5  2,500  feet  dike,  at  |6  per  foot. 
)  4,000  feet  dike,  at  $5.60  per  foot. 
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REMOVAL  OF   OBSTRUCTIONS  IN  EAST   RIVER,  INCLUDING    HELL-GATE, 

NEW  YORK. 

'The  following  table  exhibits  the  lengths  of  tunnels  and  galleries  exca- 
vated at  Hallett's  Point  at  the  end  of  the  fiscal  year : 


Peet. 

No.  1 296.36 

No.2 185.76 

No.  3 199.98 

No.4 194.53 

No.5 191.25 

No.6 224.08 

No.  7 230.58 

No.  8 213.92 

No.  9 225.59 

No.  10 257.65 

No.  2a 163:27 

No.2& 102.04 


Headings  and  galleries, 

Feet 

No.  2c 143.07 

No.  2d 48.40 

No.  2c 116.10 

No.  3a 75.88 

No.  5a 129.51 

No.  56 6(5.25 

No.  5c 50.25 

No.  6a 207.58 

No.  6a,  (branch) . .  15. 75 
No.  66,  (branch)..  146.80 
No.  6c.  (branch)..  172.44 
No.  6d,  (branch)..     50.60 


Feet. 

No.  6c 44.55 

No.6/ 27.00 

No.  7a 75.75 

No.  10a 180.85 

No.  106 184.28 

No.  10c 130.65 

No.  lOd 16.25 

No.  10^ 19.50 

Galleries 2,394.20 


Total 6,780.67 


The  work  was  suspended  for  want  of  funds  about  the  middle  of  No* 
veniber,  1873. 

The  details  of  operations  for  the  months  of  July,  August,  September, 
October,  and  part  of  November,  1873,  are  as  follows : 

Linear  feet  of  drivings  of  tunnels  and  galleries 896.35 

Cubic  yards  removed 4,648 

Feet  of  holes  drilled  by  macbines,  (Burleigh  drill) 43, 742 

Feet  of  holes  drilled  by  hand 618 

44,360 

Average  number  of  feet  of  drilled  holes  to  each  cnbic  yard. . .' 9. 50 

Average  number  of  pounds  of  uitro-glycerine  to  each  cubic  yard 1. 10 

Number  of  blasts  fired 9,218 

Pounds  of  nitro-glycerine 4, 850 

Pounds  of  ^iaut  powder 560.50 

Pounds  of  black  powder 1,406 

Feet  of  Bickford  fuse 39,904 

Average  feet  of  holes  drilled  by  each  machine  per  shift  of  eight  hours 30. 04 

Average  depth  of  holes feet..  4.8 

Average  cost  of  linear  toot  of  hole  drilled  by  machines cents..  36.9. 

Number  of  drills  sharpened  for  Burleigh  drills 12, 116 

Average  cost  of  sharpenin|^  a  drill cents. .  8. 70 

Average  number  of  feet  drilled  to  each  sharpeuing 3. 60 

Expenditure  of  steel  to  each  foot  of  hole  drilled onnce  . .  0. 44 

The  appropriations  for  removing  obstructions  in  the  East  Kiver  and 
Hell-Gate  are  not  entirely  devoted  to  the  tunnels  and  galleries  at  Hal- 
lett's Point,  a  considerable  amount  having  been  expended  for  the  con- 
struction, maintenance,  and  the  operating  of  the  steam-drilling  scow, 
which  has  been  at  work,  at  various  periods,  upon  Diamond  and  Coenties 
Reefs  in  East  River,  and  upon  Frying-pan  and  Pot  Rock  in  Hell-Oate. 

There  are  cert>ain  rocks  in  Hell-Gate,  as  Shelldrake  and  Way's  Reef, 
which  should  be  removed  prior  to  the  completion  of  the  reef  at  Hallett's 
Point,  because  the  existence  of  the  latter  reef  would  protect  the  machine 
from  rapid  currents,  and,  what  is  of  more  importance,  from  violent  col- 
lisions. 

Coenties  Reef,  which  has  been,  it  is  thought,  thoroughly  broken  up, 
requires  but  a  small  sum  to  complete  its  removal  to  a  depth  of  24  feet. 
The  present  least  depth  above  the  mass  of  broken  stone  is  21J  feet. 

It  is  economical,  likewise,  to  continue  the  use  of  the  drilling-scow  in 
blasting  the  channel-rocks,  on  account  of  the  necessary  deterioration  of 
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the  SCOW  from  the  progress  of  decay,  a  process  which  is  equally  rapid 
whether  the  apparatus  is  kept  at  work  or  not. 

From  the  expedieucy,  as  just  shown,  of  employing  the  steam-drilling 
scow,  a  proportion  of  each  appropriation  must  necessarily  be  diverted 
from  the  work  at  Hallett's  Point,  and  the  amount  annually  granted, 
$225,000,  is  found  to  be  entirely  too  limited  for  the  economical  or  rapid 
progress  of  the  important  operations  to  which  this  sum  is  applied. 

The  condition  of  the  work  at  Hallett's  Point  is  such  that  there  can 
exist  no  reasonable  doubt  of  its  entire  success,  and  therefore  another 
similar  work,  intended  for  the  removal  of  the  middle  reef,  and  including 
reefs  under  various  designations,  as  Flood  Bock,  Gridiron,  Hen  and 
Chickens,  and  Negro  Head,  should  be  early  commenced,  as  by  its  re- 
moval the  width  of  channel  would  be  increased  from  600  to  1,200  feet, 
and  the  most  formidable  obstruction  to  navigation  which  exists  at  Hell- 
6at«  would  be  obliterated. 

For  the  reasons  above  given,  I  ask  an  appropriation  of  $600,000  as 
the  sum  which  could  be  profitably  and  economically  expended  during 
the  year. 

The  discussion  of  the  last  steps  to  be  taken  in  the  removal  of  the  rock 
has  been  postponed  until  the  exploration  of  the  whole  area  of  Hallett's 
Point  Reef,  by  means  of  tunnels  and  galleries,  should  have  been  first 
completed ;  this  is  nearly  done,  and  it  is  proper  to  state  in  general  terms 
i^hat  now  appears  to  be  the  most  rational  mode  of  procedure. 

There  have  been  two  modes  suggested :  First.  To  excavate  a  chamber 
or  cavity  sufficiently  large  and  deep  to  receive  the  whole  body  of  the 
dibris  ;  and  this  mode  would  require  the  removal  of  all  the  stone  piers 
supporting  the  roof  of  the  excavation,  and  the  substitution  therefor  of 
artificial  supports  of  little  bulk. 

This  plan,  which  appears  plausible  as  well  as  complete,  would,  in  my 
opinion,  be  inapplicable  at  Hallett's  Point.  An  immense  work  would 
remain  to  be  done  in  taking  down  the  existing  large  piers  under  the 
roof,  and  in  sinking  considerably  the  floor-line^to  provide  a  sufQcient 
cavity,  the  volume  of  which  should  be,  at  the  very  least,  one  and  a  half 
times  the  solid  contents  of  the  roof. 

The  nature  of  the  stratification  in  thin,  vertical  sheets  renders  the  work 
of  removal  of  the  piers  subject  to  grave  accidents,  due  to  unexpected 
results  during  the  blasting  process.  If  these  piers  could  be  removed  by 
the  use  of  the  pick,  as  was  done  at  Blossom  Eock,  where  the  rock  was 
of  peculiarly  easy  manipulation,  one  of  the  dang  rs  of  removing  the 
piers  would  be  obviated ;  but  the  rock  is  hard  at  Hallett's  Point,  and  the 
constant  application  of  blasting  is  required.  Again,  to  carry  out  the 
system  of  providing  a  chamber  or  cavity,  the  piers,  as  well  as  the  sup- 
ports to  replace  them,  must  have  considerable  altitude — in  some  places 
35  to  40  feet — and  this  altitude  would  add  incalculably  to  the  dangers 
incident  to  their  removal. 

These  difficulties  and  others  have  formed  the  subject  of  consideration 
for  years  past,  but  until  the  work  of  the  tunnels  and  galleries  used  to 
explore  the  whole  rock  and  ascertain  its  condition  should  be  perfected, 
it  did  not  seem  pertinent  to  enter  into  the  present  discussion,  whicli 
really  concerns  only  the  last  stage  of  the  work,  while  on  the  other  hand 
it  was  probable  that  a  more  mature  judgment,  based  upon  a  longer  ex- 
perience, would  result  from  the  course  adopted. 

The  mode  of  removing  rocks  by  providing  a  receptacle  large  enough 
to  receive  the  roof  has  never  been  applied.    It  was  partially  attempted 
at  Blossom  Rock,  a  very  small  reef,  where,  if  anywhere,  "the  process 
11  ENa  * 
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would  have  been  applicable,  but  the  engineer,  Mr.  von  Schmidt,  aban- 
doned this  scheme  before  it  was  half  perfected,  and  after  blowing  up  the 
rock  had  to  remove  the  debris  with  grapples  or  divers.  The  expense 
by  such  process,  too,  at  Hallett's  Point,  would,  in  my  opinion,  be  much 
greater  than  by  the  second  method,  which  consists  in  driving  a  system 
of  tunnels  and  galleries,  having  proper  drainage,  to  obtain  places  for 
charges  of  explosives,  and  in  disposing  of  the  dSiris  by  transportation 
to  other  points.  In  a  work  upon  the  removal  of  Blossom  Kock,  pub- 
lished by  the  Engineer  Department,  there  are  found  two  projects — ^the 
one  by  Gen.  B.  S.  Alexander,  of  the  Corps  of  Engineers,  by  means  of 
the  second  method  before  described,  and  of  date  anterior  to  the  project 
of  Mr.  von  Schmidt  described  in  the  same  volume,  and  which  differed 
from  the  former  only  in  removing  the  piers  or  walls  between  the  tunnels, 
and  in  providing  a  deep  chamber  or  cavity  to  receive  the  debris.  The 
useful  idea  of  perforating  the  rock  by  means  of  tunnels,  at  least  was 
evidently  borrowed  by  him  from  General  Alexander,  and  Blossom  Bock 
was  removed  by  the  latter's  process,  for  the  engineer,  von  Schmidt,  de- 
clined to  carry  out  his  own,  and  had  to  remove  the  debris  afterwards  by 
artiticial  means. 

Prior  to  the  date  of  General  Alexander's  letter,  probably  as  much  as 
six  months,  I  was  engaged  in  a  discussion  of  the  feasibility  of  removing 
certain  channel-rocks  in  this  locality,  by  using  an  iron  cylinder  to  reach 
from  the  surface  of  the  water  to  the  rock,  and  working  in  this  to  per- 
forate a  shaft  into  the  body  of  the  rock,  and  drive  a  system  of  galleries 
where  charges  of  explosive  compounds  to  blow  up  the  whole  mass  could 
be  placed.  This  process  was  not  applied  to  the  channel-rocks,  for  the 
reason  that  in  this  harbor  the  iron  shaft  would  be  continually  exposed 
to  collisions,  and  might  require  a  mass  of  material  to  secure  it  from 
such  accidents,  out  of  all  proportion  with  the  rock  to  be  removed.  But 
in  1869,  as  soon  as  sufficient  fands  were  granted  for  large  operations, 
the  coffer-dam  at  Hallett's  Point  was  constructed,  preparatory  to  tun- 
neling that  reef.  At  tUs  locality,  besides  the  great  extent  of  the  work, 
there  was  no  danger  to  be  apprehended  from  collisions. 

The  mode  of  blowing  up  the  reef  at  Hallett's  Point  would  generally 
be  this:  to  perforate  from  the  inside  each  pier  with  drill-holes  entirely 
or  partly  through  its  mass;  a  sufficient  number  of  these  being  provided 
to  complete  the  destruction  of  the  pier  when  fully  charged.  The  charges 
in  the  different  holes  of  the  same  pier  to  be  connected  together,  and  a 
fuse,  composed  of  a  quick  explosive,  to  connect  the  system  of  charges  in 
each  pier  with  those  of  the  neighboring  piers.  By  this  mode  the  com- 
munication of  heat  or  the  electric  spark  to  a  few  centers  of  explosion 
would  suffice  to  propagate  it  through  the  whole  system ;  because  the 
explosion  of  the  connecting-fuse  would  advance  more  rapidly  than  the 
demolition  of  the  rock. 

In  addition  to  the  charges  in  the  piers,  others,  confined  in  strong  ves- 
sels, might  be  placed  on  the  inside  close  against  the  roof,  and  be  shoved 
from  the  floors  of  the  galleries  to  produce  greater  effect.  The  piers 
might  be  blown  down  by  charges  placed  in  contact  with  them ;  or  in 
the  galleries  large  charges  might  be  placed,  sufficient  to  effect  the  dem- 
olition ;  but  much  larger  amounts  of  explosives  would  be  required  in 
such  process ;  whereas  the  proximity  of  the  work  to  habitations  demands 
not  only  that  a  limited  amount  of  charge  be  used,  but  that  it  be  so  con- 
fined as  to  perform  local  work  only.  Water-tamping,  by  flooding  the 
galleries,  will  be  used  to  prevent  the  flying  of  fragments  of  rock.  The 
principle  of  water-tamping  was,  I  believe,  first  used  by  Maillefert,  in 
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surface-blasting  upon  the  rocks  in  this  harbor  in  1851, 1852,  and  sabse- 
qaent  years,  and  all  engineers  who  have  been  since  engaged  in  the  re- 
moTal  of  submarine  rocks  have  used  it. 

It  is  designed  to  use  the  quick  explosives  principally  if  not  exclusively 
in  the  demolition  of  the  works  at  Hallett's  Point ;  and  they  should  be 
confined  in  tubes,  metallic,  gutta-percha,  or  rubber.  As  it  may  require 
several  weeks  to  charge  the  system  of  holes  and  their  connections,  if 
nitro-glycerine  or  other  compounds  of  which  it  forms  a  part  be  used  in 
metalh'c  tubes,  danger  might  result  from  corrosion,  or  from  coupling  these 
together.  If  nitroglycerine  be  used  in  metallic  tubes,  it  might  be  best 
to  fill  these  after  they  have  been  set  up  and  connected. 

The  difficulties  above  sketched  would  not  arise  if  the  tubing  be  com- 
posed of  gutta-percha  or  rubber. 

Besides  the  advantages  already  given  as  pertaining  to  the  latter  de- 
scription of  tubing,  another,  that  of  freedom  from  leakage,  would  be  more 
readily  secured ;  and  this  consideration  is  a  matter  of  first  importance 
when  nitro-glycerine  or  the  compounds  in  which  it  enters  are  used, 
though  not  so  if  gun-cotton  be  the  explosive. 

Capt.  Wm.  H.  Heuer,  Corps  of  Engineers,  assistant,  has  continued 
in  the  superintendence  of  the  operations  at  Hallett's  Point,  where  his 
services  have  been  faithfully  and  effectively  performed. 


STEAM-DRILLINa  SCOW. 


The  operations  of  this  machine  were  confined  to  Ooenties  Eeef,  com- 
mencing work  June  25,  and  being  laid  up  December  15, 1873. 

The  cause  of  suspension  of  work  on  that  date  was  the  exhaustion  of 
fands  available  for  the  work,  and  was  particularly  unfortunate,  as  but 
little  additional  cost  was  needed  to  bring  the  level  of  the  rock  to  the 
depth  required,  and  there  was  apparently  nothing  further  to  be  done 
than  to  remove  broken  rock. 

The  least  depth,  which  is  confined  to  a  small  heap  of  loose  stone,  is  21 J 
feet  at  mean  low- water,  and  the  depth  proposed  is  from  24  to  25  feet. 
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DariDg  the  period  of  operations  307  holes,  amounting  to  2,629  linear  feet, 
^ere  drilled.  The  diameter  of  holes  at  the  top  was  generally  4^  inches 
and  at  bottom  3 j  inches.  The  amount  of  nitro-glycerine  expended  was 
17,127  pounds,  and  this  included  likewise  the  charges  of  39  surface-blasts. 

The  amount  of  stone  grappled  and  removed  from  the  reef  was  2,805 
cubic  yards,  and  this  does  not  include  the  amount,  which  is  unknown, 
raked  from  the  surface  into  the  deeper  water  on  the  sides  of  the  reef. 

The  operations  of  the  past  season  were  under  the  superintendence  of 
Mr.  J.  H.  Striedinger,  civil  engineer,  and  were  faithfully  and  skillfully 
conducted. 

During  the  present  season  the  machine  will  be  put  to  work  upon  Shell- 
drake  and  Way's  Reef  in  Hell-Gate. 

ESTIMATE. 

The  estimate  of  January  21, 1867,  for  the  removal  of  certain  obstruc- 
tions in  Hell-Gate,  Hallett's  Point,  the  Middle  Reef,  and  smaller  rocks, 
as  Pot  Rock,  Frying-pan,  Way's  Reef,  and  Shelldrake,  amounted  to 
$8,692,645.15. 

The  mode  of  operation  was  drilling  into  the  surface  of  the  rocks, 
blasting,  and  removing  the  debris^  and  the  estimate  per  cubic  yard  was 
$44.28,  a  rate  which  is  thought  to  be  correct  for  the  operations  in  question. 

At  a  later  date,  January  3, 1870,  a  new  estimate,  based  upon  the  pro- 
cess  of  tunneling  the  larger  reefs,  as  Hallett's  Point  and  the  Middle 
Reef,  and  removing  the  smaller  reefs  by  drilling  from  the  surface  of  the 
water,  was  made  and  the  average  rate  per  cubic  yard  fixed  at  $15  as  a 
minimum,  and  $20  for  the  maximun. 

The  quantities  in  the  Middle  Reef  and  channel,  as  heretofore  determined 
from  old  surveys,  though  only  approximate,  must  be  retained,  as  there 
are  no  surveys  of  recent  date  sufficiently  advanced  to  furnish  a  more 
correct  volume. 

Reefs  at  HeU-Gate,  234,491  cubic  yards,  at  $20 $4,689,820 

Diamoud  aud  Coenties  Reefs,  letter  of  March  2, 1868 449,300 

Total 5,139.120 

The  estimate  for  Diamond  and  Coenties  Reefs  in  East  River  should 
here  be  added,  as  it  did  not  appear  in  the  other  reports  cited  above, 
which  had  reference  to  Hell-Gate  only. 

In  conducting  the  surveys  of  the  reefs  and  smaller  rocks  each  sound- 
ing was  separately  located  by  instruments,  while  the  rapidity  of  the 
tides  caused  a  suspension  of  the  soundings,  except  during  Uie  periods  of 
slack  currents. 

Amount  allotted  or  specifically  appropriated $1, 440, 000  00 

Deduct  amount  reverted  to  United  States  Treasury 3, 158  55 

.  1,436,84145 

Balance  on  hand  July  1, 1874 228,922  28 

Expended  July  1,1874 1,207,919  17 

Expenditures  classified. 

Excavations  at  Hallett's  Point $660,427  21 

Construction  and  expenses  of  steam -drillinc^  scow  operating  upon  Dia- 
mond and  Coenties  Reefs,  East  River,  and  Pot  Rock  and  Frying-pan, 

Hell-Gate 365,278  96 

Amount  paid  to  B.  Maillefert  and  others  under  contract  for  work  upon 
Shelldrake  and  Way's  Reef,  Hell-Gat^ 69,427  55 
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ED^^ineerin^  expeDBOs,  incladiog  surveys  of  Diamond  and  Coenties  Reefs, 
East  River,  Hallett's  Point,  Middle  Reef,  Pot  Rock,  Frying-pan,  Way's 
Reef,  Shelldrake,  Scaly  Rocks,  ^c,  in  Hell-Gate,  and  expenses  of 
steamers $112,785  43 


1,207,919  17 

The  work  for  the  present  season  will  be  the  continnation  of  the  tun- 
nels and  galleries  at  Hallett's  Point  and  the  operations  of  the  steam- 
drilling  scow  upon  Way's  Beef  and  Shelldrake,  in  Hell-Gate. 

I  have  to  solicit  attention  to  the  title  of  the  appropriation  approved 
Jane  23, 1874,  as  follows : 

For  continninf?  the  improvement  by  removing  obstructions  in  the  East  and  Harlem 
Rivers  at  or  near  Hell-Gate ; 

which  suspends  all  work  upon  Coenties  Eeef,  nearly  completed,  bnt  sit- 
uated in  the  lower  part  of  the  Bast  Eiver. 

The  object  of  that  title  was  to  include  the  work  in  Harlem  Biver,  but 
I  do  not  think  it  was  understood  by  those  who  passed  it  that  it  would 
exclade  a  most  important  work  which  had  been  included  in  previous 
appropriations. 

Financial  statement 

Balance  in  Treasury  of  United  States  July  1, 1873 ^ |180,000  00 

Less  amount  expended  in  fiscal  year  ending  June  SO,  1873 233  95 

Amount  appropriated  by  act  approved  June  23,  1874 225, 000  00 

Amount  expended  during  the  fiscal  year  ending  June  30, 1874 175, 843  77 

Amount  available  July  1,  1874 228,922  28 

Amount  required  for  the  fiscal  year  ending'  June  30, 1876 600, 000  00 


W  3. 

IMPROVING  HARLEM  RIVER,  NEW  YORK. 

From  the  appropriation  of  June  23, 1874,  for  continuing  the  improve- 
inent  of  the  East  and  Harlem  Elvers,  at  or  near  Hell  Gate,  the  sum  of 
$10,000  was  allotted,  and  will  be  devoted  to  the  removal  of  obstructions, 
viz,  the  piers  of  the  old  bridge  and  small  rock  off  East  One  hundred 
and  twenty -fifth  street. 

W  4. 

IMPROVING  PASSAIC  RIVER,  NEW  JERSEY— BELLEVILLE  BAR. 

The  contractors  have  continued  work  on  this  bar,  their  contract  hav- 
ing been  extended  from  December  31, 1873,  to  June  30, 1874,  and  at  the 
end  of  the  fiscal  year  ending  June  30, 1874,  they  had  removed  5,820} 
cabic  yards  of  stone  and  bowlders,  and  3,807^  cubic  yards  of  sand  and 
gravel. 

As  mentioned  in  my  last  annual  report,  a  number  of  outcroppingsof 
bed-rock  of  indurated  sandstone  and  shale  were  developed  as  the  dredg- 
ing progressed,  and  this  has  been  found  to  be  the  general  character  of 
the  river-bed  all  along  the  line  to  be  dredged.  As  the  contractor  was  not 
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under  obligation  to  remove  fast  rock,  measures  were  taken  to  cirill  and 
blast  it  as  it  was  developed ;  for  this  purpose  a  small  scow  was  pur- 
chased in  the  month  of  August,  1873,  and  fitted  up  with  one  of  the 
Bteam-drilling  engines  used  in  connection  with  the  drilling-scow  on  the 
reefs  in  the  East  Eiver,  and  was  kept  at  work  drilling  and  blasting  until 
the  month  of  December,  1873,  when  the  ice  compelled  a  suspension  of 
the  work. 

In  the  spring  of  1874,  when  the  contractor  again  resumed  work,  it 
was  found  necessary  to  send  the  scow  and  drilling  arrangements  to  the 
bar  to  assist  them  in  getting  out  the  rock.  The  drilling  this  season  has 
been  done  with  a  diamond  drill,  which  gave  evidence  of  being  very  well 
calculated  for  drilling  in  rock  of  the  character  found  in  this  locality. 
So  far  as  known,  all  the  rock  has  been  broken  up  and  mostly  removed, 
and  the  contractors  will  be  through  with  the  work  by  September  1, 1874. 

EUTHEEFOBD  PARK  BAR. 

The  work  of  dredging  a  cut  through  this  bar,  under  contract  with 
James  Caler,  2,900  feet  long,  and  50  feet  wide  on  the  bottom,  to  be  com- 
pleted on  June  30, 1874,  was  very  nearly  finished  on  that  date,  and  the 
contract  was  extended  to  September  1, 1874,  in  order  to  allow  him  to 
remove  such  inequalities  as  had  been  overlooked,  and  to  straighten  the 
line  of  the  cut. 

Bed-rock  of  the  same  character  as  that  found  in  the  Belleville  Bar 
was  found  in  this  cut,  and  it  was  necessary  to  make  some  surface-blasts 
in  order  to  break  it  up,  so  that  the  dtedge  could  remove  it. 

Original  estimate $123,924  00 

Amount  appropriated , 70,000  00 

Amount  expended 46,890  32 

Financial  statement 

Balance  in  Treasnry  of  United  States  July  1, 1873 $45,000  00 

Amount  appropriated  by  act  approved  June  23;  1874 20,000  00 

Amount  expended  during  the  fiscal  year  ending  June  30, 1874 21, 231  70 

Amount  available  July  1,  1874 23,609  tS 

Amount  required  for  the  fiscal  year  ending  June  30, 1876 54, 000  OO 


W  5. 

IMPROVING  EAST  CHESTER  CREEK,  NEW  YORK. 

No  work  has  been  done  on  this  creek  since  my  last  annual  report, 
except  some  surveys  made  at  the  entrance,  to  ascertain  if  it  would  be 
expedient  to  apply  the  money  to  an  improvement  of  that  part  of  the 
creek ;  but  as  this  could  not  be  done  advantageously,  I  have  waited 
'Until  the  inhabitants  In  the  vicinity  of  Mount  Vernon  could  petition 
the  State  legislature  for  power  to  have  land,  through  which  the  improve- 
ment is  to  be  made,  condemned  and  purchased  by  a  commissioner 
appointed  by  the  State;  this  authority  has  been  granted,  and  the  com- 
mission are  now  arranging  the  matter.  I  am  awaiting  the  result  of 
their  labors  to  report  to  the  Chief  of  Engineers  a  project  for  the  dis- 
bursement of  the  sums  available  for  this  work. 

Amount  asked  for  fiscal  year  ending  June  30,  1876,  for  opening  new  channel  above- 
Lockwood*8,  $35,000. 
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ORIGINAL  ESTIMATE. 

Basin,  pnrohase  of  site,  16  acres,  at  $150 $2,700 

EzcavatioDy  to  level  of  mean  low- water,  200,000  cfnbio  yards,  at  40  cents 80, 000 

Excavation  of  cat,  60,000  cable  yards,  at  40  cents 24,000 

Diking;  and  revetting  banks  of  cat 12,000 

Engineering  and  contingencies 17,800 

136.500 
Amount  appropriated 25,000 

East  Chester  Creek  is  in  collection-district  No.  10. 

Financial  statement 

Balance  in  Treasury  of  United  States  July  1, 1873 $25,000  Oa 

Amoant  expended  daring  the  fiscal  year  ending  June  30, 1874 4, 461  60 

Amoant  available  Jnly  1, 1874 20,538  40 

Amount  required  for  the  fiscal  year  ending  June  30, 1876 35, 000  00 


W  6. 

IMPROVING  HARBOR  AT  PORTCHESTER,  NEW  YORK. 

No  work  bas  been  done  at  tbis  harbor  during  the  year;  some  drawings 
of  surveys  have  been  finished. 

Amount  necessary  to  be  appropriated  to  complete  the  original  project....  $84, 632  00 

Estimate,  removing  rocks  and  building  breakwater 96, 632 *  00 

Amoant  appropriated 12,000  00 

Amount  expended 9,763  30 

Financial  statement 

Balance  in  Treasury  of  United  states  July  1,  1873 $2,200  00 

Amount  in  hands  of  officer  and  subject  to  his  check 852  69 

Amount  expended  during  the  fiscal  year  ending  June  30, 1874 '. 815  99 

Amount  available  July  1,  1874 2,236  70 

Amount  reqnired  for  the  fiscal  year  ending  June  30, 1876,  (to  complete  the 
removed  of  jsunkeu  rocks) 60,000  00 


W  7, 
IMPROVING  HARBOR  AT  RONDOUT,  NEW  YORK. 

Under  tbe  appropriation  of  Marcb  3, 1873,  contract  was  made  to  ex- 
tend the  nortb  dike  1,400  feet.  Work  was  commenced  in  October,  and 
at  tbe  close  of  navigation  742  feet  were  completed.  When  work  was 
resumed  in  April,  the  line  of  dike  was  changed  somewhat,  and  the 
total  length  reduced  from  1,400  feet  to  1,282  feet,  and  was  completed 
by  June  30, 1874. 

Considerable  damage  was  done  to  the  dike  dnring  the  winter  by  the 
ice  carrying  away  about  80  feet  of  that  portion  built  dnring  the  fall  of 
1873 ;  this  was  repaired  by  hired  labor.  In  addition  to  the  dike,  a  crib 
was  sunk  on  the  line  of  the  dike  of  the  following  dimensions :  100  feet 
long,  25  feet  high,  20  feet  wide  at  bottom,  and  16  feet  wide  at  top.  This 
was  done  by  verbal  contract. 
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Abstract  of  proposals  for  extenaim  of  pile-dike  at  B&ndout,  N.  T.,  opened  July  7, 1874. 


Bidders. 


Price. 


Jame8  D.  Leary. ... 

Gage  &  Powley 

Cha&  A.  HarriDgton 
Clinton  Stevens. . . . 


$10.29  per  linear  foot. 

11.35  per  linear  foot. 
120.00  per  linear  foot. 

16.50  per  linear  foot. 


Aheiraot  of  contract  for  extension  of  pile-dike  at  Rondout,  N.  Y, 


Contractor'*  name  and  residence.   Date  of  contract    Sal\ject  of  contract 


Remarka. 


James  D.  Leary,  Brooklyn,  N.  Y. . 


July  28, 1873.... 


For  1,400  feet  pile- 
dike. 


Work  to  be  commenced  by 
Angnst  10, 1873,  and  to  be 
completed  by  June  30, 1874. 


It  is  important  that  the  south  dike  be  constracted  aad  dredging  com- 
menced in  channel  between  dikes,  and  for  this  purpose  the  sum  of 
$60,000  is  asked  for  the  fiscal  year  ending  June  30, 1876. 

ORIGINAL  ESTIMATE. 

North  dike,  748  yards  long $41,600  00 

Branch  dike,  604  yards  long 34,400  00 

South  dike,  1,277  yards  long 59,600  00 

Dredging  channel  3,000  feet  long,  100  feet  wide,  and  14  feet  deep 14, 400  00 

Contingencies  and  engineering r 22,500  00 

172,500  00 

Amonnt  appropriated |:W,000  00 

Amount  expended 29,160  29 

I  beg  leave  to  state  that,  although  the  completion  of  the  north  dike 
has  produced  the  improvement  anticipated,  the  deepening  of  the  w^ter 
in  a  narrow  channel  along  its  face,  it  is  nevertheless  necessary  for  the 
success  of  the  improvement  that  the  other  parts  of  the  project,  viz,  the 
south  dike  and  dredging,  by  which  a  proper  width  of  channel  may  be 
secured,  should  be  undertaken  with  the  least  possible  delay.  Without 
the  continuation  and  completion  of  the  project,  the  work,  in  the  present 
unfinished  state,  will  be  dangerous  to  navigation,  owing  to  southerly 
winds  forcing  vessels  upon  the  north  dike. 

Financial  statement 

BalanceinTreasnry  of  the  United  states  July  1,  1873 |22,500  00 

Amount  in  hands  of  officer  and  subject  t.o  his  check 6,967  31 

Amount  expended  during  the  fiscal  year  ending  June  30, 1874 15, 675  13 

Amount  available  July  1,1874 839  71 

Amount  required  for  the  fiscal  year  ending  June  30,  1876 60, 000  00 


W  8. 

'     IMPROVING  CHANNEL  BETWEEN  STATEN  ISLAND  AND  NEW  JERSEY. 

Under  appropriation  of  June  23, 1874,  of  $50,000,  it  is  proposed  to 
commence  the  construction  of  the  south  dike. 
Amount  asked  for  fiscal  year  ending  June  30, 1876,  for  completing  south 

dike $85,000  00 


For  dredging  new  channel,  the  present  channel  supposed  to  be  closed,  by 
the  construction  of  the  south  dike 


60.000  00 


145,000  00 
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This  amount  asked  should  obviously  be  granted  in  one  sum,  because 
the  construction  of  the  south  dike,  which  would  close  the  present  chan- 
nel, cannot  be  completed  until  the  new  channel  is  dredged. 

ORIGINAL  ESTIMATE. 

Dredfj^ing  and  diking $443,210  00 

Amoant  appropriate 50,000  00 

Financial  statement 

Amount  appropriated  by  act  approved  June  23, 1874 |50, 000  00 

Amount  available  July  1,  1874 50,000  00 

Amount  required  fur  the  fiscal  year  ending  June  30,  1876 145, 000  00 


W  9, 

SURVEY  OF  HARLEM  RIVER,  NEAR  EAST  RIVER,  NEW  YORK. 

United  States  Engineer  Office, 

New  York^  Febrtuiry  19, 1874. 

General.  :  I  have  the  honor  to  submit  the  following  report  on  the 
Harlem  Kiver  survey,  made  in  conformity  with  the  aet  approved  ]V(arch 
3, 1873,  for  examinations  and  surveys,  specifying  Harlem  Biver,  near 
East  River,  New  York. 

The  Harlem  River  forms  an  important  passage  from  the  Hudson  River 
to  Long  Island  Sound  and  New  York  Harbor.  Its  upper  part  has  been 
much  neglected,  and,  in  consequence,  has  been  obstructed  by  artificial 
obstacles,  while  the  natural  ones  have  been  suffered  to  increase.  It 
is  the  water-boundary  on  the  north  side  of  Manhattan  Island,  separating 
it  from  the  main. 

The  water-course  is,  in  fact,  a  narrow  sound,  continuous  from  the  Hud- 
son River  to  Long  Island  Sound  ;  and  Spuyten  Duy vil  Creek  is  a  small 
stream  emptying  into  this  sound  near  King's  Bridge.  From  Hudson 
Eiver  to  King's  Bridge  the  stream  is  known  as  Spuyten  Duyvil  Creek, 
and  as  Harlem  River  from  King's  Bridge  to  Long  Island  Sound.  The 
western  or  Hudson  River  entrance  is  thirteen  miles  north  of  the  Bat- 
tery, (New  York  City,)  and  the  main  eastern  entrance  is  in  the  Hell- 
Gate  passage,  between  Ward's  Point,  on  Ward's  Island,  and  the  foot  of 
East  One  hundred  and  sixteenth  street.  New  York  City.  Besides  this 
last-named  entrance  are  two  others — Little  Hell-Gate  and  Harlem  Kills. 
The  first  is  1,100  yards  in  length,  with  an  average  width  of  165  yards, 
and  a  minimum  depth  of  8  feet.  The  bottom  is  irregular  and  rocky, 
and  the  current  very  rapid.  The  other  passage  is  100  yards  in  mean 
width-,  and  has  a  minimum  depth  of  4  feet.  The  main  eastern  entrance 
into  Hell-Gate  is  seven  and  a  quarter  miles  from  the  Battery.  The  Little 
Hell  Gate  entrance  is  eight  and  a  quarter  miles,  and  the  Harlem  Kills 
entrance  nine  miles. 

The  distance  from  the  Hudson  River  to  Hell-Gate  by  this  passage  is 
eight  and  a  half  miles. 

Its  easy  access  from  the  Sound,  and  moderately  easy  access  from  New 
York  Harbor,  together  with  its  quiet  interior  position,  would  seem  to 
make  it  a  desirable  thoroughfare  for  vessels  passing  from  Long  Island 
Sound  to  the  Hudson  River,  and,  in  certain  cases,  even  for  those  pass- 
ing between  New  York  Harbor  on  the  Bast  River  and  the  Hudson. 

The  local  trade  with  the  flourishing  towns  on  its  banks  (now  annexed 
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to  New  York  City)  should  deserve  some  consideration  as  enhancing  the 
importance  of  the  passage.  The  distance  from  Peck  Slip,  on  the  East 
River,  to  the  month  of  Spnyten  Duyvil  Creek,  on  the  Hudson,  is  nearly 
the  same  through  Harlem  River  as  by  way  of  the  Battery  and  Hudson 
River,  so  that  for  all  places  east  of  this  the  Harlem  River  route  is  the 
shorter. 

The  above  is  compiled  from  the  Harbor  Commissioners'  Report  of  the 
year  1857,  pp.  206,  207.  There  are  at  present  plying  between  Harlem 
and  the  lower  part  of  New  York  City  two  steamboat-lines,  entitled 
respectively  the  Harlem  and  New  York  Navigation  Company  and  the 
Morrisiana  Steamboat  Company.  The  Harlem  and  New  York  Navi- 
gation Company  runs  four  steamboats ;  total  value,  $200,000. 

For  the  year  1873  this  line  carried  1,500,000  passengers,  an  increase 
of  234,000  over  1872,  and  made  on  an  average  twenty- three  round  tf  ips, 
or  forty-six  passages  per  day.  The  net  proceeds  from  freight  were 
$9,000. 

The  Morrisiana  Steamboat  Company  owns  two  steamers,  valued  at 
$130,000.  These  two  boats,  during  the  year  1873,  carried  1,000,000 
passengers,  and  averaged  per  day  ten  round  trips  or  twenty  passages. 
Their  net  proceeds  from  freight  amounted  to  $10,000.  The  above  infor- 
mation is  from  the  officers  of  these  companies.  With  increase  of  travel 
these  lines  intend  to  put  on  more  boats.  On  foggy  days,  trips  cannot  be 
made  without  danger  of  encountering  rocky  obstructions.  As  regards 
the  number  and  tonnage  of  vessels  plying  on  the  Harlem  River,  very 
little  can  be  ascertained,  but  no  doubt  exists  that  a  large  number  fre- 
quents this  river. 

IMPEOVBMENT  OF  THE  HARLEM  RIVER— RES DXTS  OF  PIELD-WORK. 

Two  tide-waves  of  different  magnitudes  and  establishments  visit  New 
York  Harbor,  meeting  and  overlapping  between  the  upper  part  of  the 
East  River  and  the  western  limits  of  the  Sound. 

At  Governor's  Island,  owing  to  the  expansion  of  the  tidal  basin 
formed  by  the  upper  bay,  the  Sandy  Hook  tide  reaches  its  minimum 
range,  having  diminished  from  a  mean  rise  and  fall  of  tides  of  4.8  feet 
to  one  of  4.3  feet  at  Governor's  Island.  Thence  toward  the  Sound  the 
tidal  elevation  increases  steadily,  reaching  at  the  west  side  of  Hallett's 
Point  a  range  of  5.1  feet,  and  continuing  thus  until  at  Throgg's  Neck 
we  meet  a  mean  rise  and  fall  of  7.3  feet — the  Sound  tide.  In  this  course 
the  establishments  also  gradually  approach  those  of  the  Sound,  being  at 
Hell  Gate  ferry  Ih.  49m.,  at  Throgg's  Neck  3h.  21m.  later  than  at  Gov- 
ernor's Island.  The  tidal  currents  are  called  into  existence  by  the  vari- 
ations in  the  diflFerent  heights  of  the  Sound,  their  epochs  having  no 
direct  relations  with  the  local  tide,  and  their  velocities  being  affected 
by  the  same  circumstances. 

The  rise  and  fall  of  tides  is  about  5.2  feet  at  the  foot  of  Bast  One 
hundred  and  twelfth  and  One  hundred  and  twenty-fourth  streets,  New 
York  City.    It  increases  a  little  toward  Mott  Haven-,  where  it  is  5.3  feet. 

On  its  way  up  from  East  One  hundred  and  twelfth  street  to  Mott's 
dock  the  tidal  waves  experience  a  retardation  of  5^  minutes. 

Of  the  tidal  currents,  the  ebb-current  is  the  stronger  in  the  lower 
Harlem  River;  from  the  east  the  ebb  enters  the  Harlem  River  with 
great  velocity  through  Little  Hell  Gate  and  the  Harlem  Kills,  setting 
strongly  toward  the  New  York  shore,  and  forming  eddies  at  its  junction 
with  the  waters  of  the  Harlem  River. 

The  minimum  depth  of  the  improved  Harlem  River  is  expected  to  be 
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not  less  than  12  feet  at  mean  low- water.  Taking  this  as  the  required 
depth,  we  find  the  following  obstnictions  to  safe  channel-navigation* 
The  obstructions  given  below  were  inspected  by  a  competent  diver,  and 
specimens  of  the  rocks  brought  up: 

I.  Three  of  the  five  remaining  piers  of  an  old  bridge  which  formerly 
spanned  the  Harlem  from  what  is  now  called  the  foot  of  East  114th 
street,  New  York  City,  to  the  northwest  end  of  Ward's  Island.  These 
five  piers  are  numbered  on  the  map  of  the  recent  survey  as  1,  2,  3,  4,  5 ; 
No.  1  being  the  pier  nearest  the  Ward's  Island  shore,  and  No.  5  the  one 
in  closest  proximity  to  the  Harlem  shore. 

The  three  piers,  however,  which  come  under  the  head  of  obstructions 
are  respectively  Nos.  1,  3,  and  4.  Pier  No.  5  has  less  than  the  required 
depth  over  it,  but,  by  reason  of  its  very  close  proximity  to  the  shore, 
it  cannot  be  properly  classed  as  an  obstacle  to  safe  channel-navigation. 
No.  2,  having  12  feet  and  more  of  water  on  it,  is  not  included  in  the 
system  of  improvement.  Pier  No.  1,  formed  of  large  stones,  is  distant 
1S.7  feet  (measured  on  center  line  of  bridge)  from  the  Ward's  Island 
high-water  line,  (corner  of  sea-wall ;)  16.7  feet  is  its  maximum  depth  at 
mean  low-water,  4.8  feet  its  minimum. 

Pier  No.  3  is  composed  of  loose  stones. 

Pier  No.  4  is  composed  of  large  stones,  weighing  about  three  tons,  and 
solidly  imbedded  together.  This  pier  is  distant  36.7  feet  (measured  on 
center  line  of  bridge)  from  the  New  York  high- water  lines.  The  maximum 
depth  of  water  on  said  pier  at  mean  low-water  is  8.7  feet,  the  minimum 
5.1  feet.  Before  proceeding  farther  it  would  be  well  to  give  the  history 
of  the  "  old  bridge  "  in  order  to  determine  whether  these  piers  should  be 
removed  by  the  tJnited  States  Government  or  by  the  State  of  New  York.. 

THE  OLD  BRIDGE. 

On  the  20th  of  February,  1807,  at  the  request  of  a  company  engaged 
in  the  cotton-trade,  a  bill  was  passed  by  the  New  York  State  legislature 
authorizing  the  construction  of  the  above-mentioned  bridge.  (See  Web- 
ster and  Skinner's  Laws,  vol.  5.) 

It  wa«  to  be  built  for  the  advantages  of  the  trade  it  would  afford  this 
company,  (prominent  among  whom  were  Bartholomew  and  Jasper  Ward,) 
the  owners  of  a  cotton-mill  on  Ward's  Island.  The  engineer  and  builder 
was  a  Mr.  Thomas  Lyons,  since  deceased.  The  exact  date  of  the  con- 
struction of  this  bridge  cannot  be  found,  nor  is  there  extant  a  complete 
drawing  of  it.  As  near  as  could  be  ascertained,  after  much  trouble,  the 
bridge  was  built  in  1807.  The  structure  was  of  wood,  60  feet  wide,  25 
feet  carriage-way,  and  12^  feet  on  each  side  for  the  accommodation  of  pas- 
sengers. (These  few  dimensions  were  obtained  from  the  records  in  the 
office  of  the  comptroller  of  the  county  and  city  of  New  York.)  The 
piers  of  the  bridge,  six  in  number,  (as  we  have  every  reason  to  believe,) 
consisted  of  cribs  sunk  in  the  river. 

By  the  completion  of  this  bridge  was  connected  what  is  now  known 
as  the  foot  of  Bast  One  hundred  and  fourteenth  street.  New  York  City, 
(then  part  of  the  estate  of  Rev.  Philip  Milledoler,)  and  the  northwest 
end  of  Ward^s  Island. 

The  bridge  remained  standing  till  the  3d  of  September,  1821,  when 
an  unusually  high  tide,  combined  with  a  very  strong  gale,  completely 
demolished  it.  nothing  remaining  but  the  piers  upon  which  it  had  rested. 
These  were  visible  at  low-water,  and  were  sufficiently  dangerous  to  be 
the  cause  of  several  accidents.  They  remained  in  this  condition  until  the 
year  1858,  when,  at  the  earnest  request  of  Mr.  H.  P.  McGown,  president  of 
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the  Harlem  and  New  York  Navigation  Company,  the  aathorities  of  the 
city  of  New  York  took  the  matter  in  hand,  and  appropriated  a  sum  of 
money  out  of  the  city  funds.  The  contract  (for  |3,900)  for  removing 
these  obstructions  was  awarded  to  Morris  &  Gumings.  In  either  August 
or  September,  1858,  the  contractors  commenced  operations,  and  by 
means  of  a  large  rake  succeeded  in  lowering  three  piers  and  making  a 
minimum  depth'  of  about  12  feet  at  mean  low-water  over  each.  The 
piers  raked  down  were  those  before  mentioned  as  Nos.  2  and  3,  and 
another  one  of  which  no  trace  exists  at  the  present  day.  Those  left 
untouched  were  the  two  nearest  the  New  York  shore  ( Nos.  4  and  5 )  and 
the  one  in  same  proximity  to  Ward's  Island,  (No.  1.) 

II.  Candle  Factory  Beef  lies  off  the  foot  of  East  One  hundred  and 
twenty-second  street.  New  York  City,  140  feet  distant  from  high-water 
line  New  York  shore.  This  rock  consist  of  gneiss  vertically  strati- 
fied. The  shallowest  sounding  gives  1.9  feet  on  the  apex  of  the  rock  at 
mean  low- water.  The  reef  rises  to  a  sharp  point  at  its  center,  and 
thence  shelves  downward,  giving  at  the  base  depths  of  8  or  9  feet. 
Lying  as  this  obstruction  does,  on  the  very  edge  of  the  steamboat-chan- 
nel, it  is  considered  a  dangerous  obstruction.  Several  accidents  have 
happened.  On  the  16th  July,  1867,  the  steamboat  Sylvan  Stream  (of 
the  Harlem  and  New  York  Navigation  Company's  line)  ran  on  the  reef, 
and  was  damaged  to  such  an  extent  as  to  sink  almost  immediately.  In 
April,  1863,  the  passenger-steamboat  Minnie  was  also  sunk  by  running 
on  the  same  rock.  There  have  also  been  accidents  to  sailing-vessels 
striking  on  the  reef. 

III.  Large  flat  rock,  foot  of  East  One  hundred  and  twenty-fifth 
street,  Harlem,  304  feet  distant  from  the  Harlem  shore  high-water 
line,  and  122  feet  above  the  upper  corner  of  the  pier.  A  portion  of  this 
rock  runs  under  the  pier,  but  is  not  here  considered,  it  being  the  prov- 
ince of  the  proprietor  of  the  dock  to  remove  that  part  of  it.  This 
rock  consists  of  gneiss  vertically  stratified.  The  maximum  sounding 
gives  a  depth  of  11  feet;  the  minimum,  7.5  feet  on  the  rocks. 

I Y.  Small  rock,  situated  in  mid-channel,  off  foot  of  East  One  hundred 
and  twenty-fifth  street,  opposite  entrance  to  the  Harlem  Kills,  and  dis- 
tant 470  feet  from  the  Harlem  high- water  line ;  it  is  composed  of  gneiss, 
of  a  dip  of  about  75^.  The  shallowest  sounding  reads  9.4  feet  at  mean 
low  water. 

Y.  Small  rock  at  the  mouth  of  the  Mott  Haven  Canal,  about  50  feet 
from  the  northwest  corner  of  Mott's  dock.  It  consists  of  a  ledge  of 
gneiss,  running  in  a  north-northeast  direction,  nearly  parallel  to  the 
direction  of  the  canal.  The  minimum  soanding  gives  a  depth  of  3.8 
feet  on  this  rock  at  mean  low-water. 

PROPOSED  PLAN  OF  IMPROVEMENTS. 

Baking  alone  would  not  prove  a  successful  means  of  removing  the 
obstructions  to  safe  channel-navigation  formed  by  bridge-piers,  consist- 
ing, as  they  do,  of  heavy  stones  in  some  places,  and  of  strong  material, 
firmly  imbedded,  in  others.  Som6  surface-blasting  will  be,  at  first, 
necessarj',  in  order  to  reduce  the  size  of  the  larger  stones,  and  al  so  to 
start  the  compact  masses,  before  any  successful  attempt  at  grappling 
can  be  made.  The  removal  of  the  remaining  rocky  obstructions  must 
be  performed  by  means  of  a  systematic  process  of  rock-drilling,  blasting, 
and  grappling.  The  comparatively  short  distance  of  these  rocky  ob- 
structions from  the  buildings  on  shore  will  necessitate  the  use  of  smal^ 
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charges,  which  will  cause  these  operations  to  be  somewhat  tedious  and 
exx>eDsive. 

Estimate  of  cost  of  improvement, 

I.  Piers  Noe.  1,  3,  and  4,  of  old  bri<l<T( .  )[f  foot  of  East  One  hnndred  and 

fourteenth  street,  Harlem ;  674.2  ciibio  yardn,  at  $6  per  cubic  yard.      (4, 045  20 
II.  Candle  Factory  Reef,  foot  of  East  One  hundred  and  twenty-second 
street,  Harlem;  1,149.46  onbic  yurds,  spread  over  an  area  of  2,529 
square  yards,  at  $72.81  per  cubic  yard 83,703  00 

III.  Flat  rock  off  foot  of  East  One  liandred  and  twenty-fifth  street,  Har- 

lem, 304  feet  from  Harlem  shore ;  333.6  cubic  yards,  spread  over  an 

area  of  508  square  yards,  at  $97.13  per  cubic  yard 32, 404  00 

IV.  Small  rock  in  mid-channel,  off  East  One  hundred  and  twenty-fifth 

street,  Harlem,  470  feet  from  Harle*n  shore ;  23.9  cubic  yards,  spread 

over  an  area  of  122  square  vards,  at  $194.56  per  cubic  yard 4, 650  00 

V.  Small  rock  at  the  mouth  of  Mott  Havejn  Canal ;  470.59  cubic  yards, 

spread  over  an  area  of  261.2  square  yards,  at  $45  per  cubic  yard 21, 176  55 

Contingencies,  15  per  cent,  of  the  above 21,896  82 

Total 167,875  56 

Mr.  McGown,  president  of  the  Harlem  and  New  York  Navigation 
Gompany,  is  entitled  to  thanks  for  the  kind  assistance  he  lent  us,  point- 
ing out,  at  the  commencement  of  the  hydrograpliic  survey,  the  localities 
of  the  submerged  obstructions,  &c. 

The  survey  was  executed  by  Mr.  C.  de  Foresta,  assisted  by  Mr.  V.  M. 
Newton,  and  valuable  information  was  collected  by  the  latter  gentle- 
man. 

Mr.  J.  H.  Striedinger,  0.  E.,  had  general  charge  of  the  survey  and  of 
the  plotting  of  the  charts,  under  instructions  from  this  ofiBce.  '  He  has 
compiled  all  the  information  available  and  bearing  upon  the  purposes 
for  which  the  survey  was  made. 

Respectfully  submitted. 

John  Newton, 
Lieut*  Col.  of  Engineers^  Bvt  Major- OeneraL 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  S.  A. 


W  10. 

SURVEY  OF  RARITAN  RIVER,  NEW  JERSEY. 

United  States  Engineer  Office, 

Neic  YorJcj  February  21, 1874. 

General  :  I  have  respectfully  to  forward  this  report  on  the  Earitan 
Biver,  together  with  charts  of  the  survey  made  in  pursuance  of  the  act 
approved  March  3, 1873,  for  examinations  and  surveys,  specifying  the 
Baritan  Biver,  New  Jersey,  below  New  Brunswick,  including  the  shoals 
called  the  Middle  Ground. 

The  Baritan  Biver,  a  tidal  stream,  is  navigable  from  the  bay  to  the 
city  of  New  Brunswick,  N.  J.,  a  distance  of  about  fourteen  miles.  The 
Baritan  Biver  occupies  a  central  position  in  relation  to  the  great  chain 
of  rivers,  bays,  and  canals  which  form  the  internal  navigation  of  the 
Atlantic  seaboard,  communicating,  as  it  does,  on  the  east  with  Long 
Island  Sound,  and  the  rivers  of  New  England  which  flow  into  it ;  on 
the  north  with  the  Hudson  Biver,  the  Erie  Canal,  the  great  lakes,  the 
Northern  Canal,  and  Lake  Champlain.   On  the  south  the  Baritan  Biver, 
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by  means  of  the  Saritan  and  Delaware  Canal,  communicates  with  the 
Delaware  Biver,  the  Delaware  and  Chesapeake  Canal,  and  Chesapeake 
Bay,  with  Elizabeth  Biver,  and  Albemarle  and  Pamlico  Sounds,  and 
irith  the  rivers  of  Virginia  and  North  Carolina. 

With  exception  of  the  Atlantic  Ocean,  the  Baritan  Biver  is  the  only 
means  of  communication  by  water  between  the  cities  of  New  York  and 
Philadelphia.  In  the  year  1871,  the  number  of  vessels  leaving  the  Dela- 
ware and  Baritan  Canal  per  tide-water,  through  the  Baritan  Biver  and 
Baritan  Bay,  was  1,545  steamboats,  66S  sloops  and  schooners,  and  13,649 
canal-boats  and  barges.  In  addition  to  the  above,  there  is  a  steamboat- 
communication  between  New  York  City  and  New  Brunswick;  there  are 
also  vessels  trading  upon  the  Baritan  Biver  other  than  those  going  into 
and  through  or  leaving  the  Delaware  and  Baritan  Canal. 

The  aggregate  tonnage  passing  iuto  the  Baritan  Biver  and  through  the 
Delaware  and  Baritan  Canal  amounted  to  the  sum  of  2,647,430  gross 
tons  during  the  year  1871. 

The  said  trade  has  since  then  highly  increased,  and  is  still  increasing. 

(The  above  is  an  extract  from  the  petition  of  Messrs.  James  T.  Easton 
and  James  McMahon,  of  New  York,  in  their  suit  with  the  New  York  and 
Long  Branch  Bailroad  Company.) 

The  three  maps  herewith  submitted  embrace  the  navigable  part  of  the 
Baritan  Biver. 

A.— SCOPE  OF  THE  FIELD-WORK. 

Tidal  observations, 

Begular  day  and  night  observations  were  made  at  tide-gauge  I,  TNew 
BruDswick,)  and  at  tide-gauge  III,  (South  Amboy,)  during  two  luna- 
tions. Simultaneously  with  the  above,  day-observations  were  made  at 
tide-gauge  II,  (French's  Landing.)  In  addition  to  these  three  standard 
gauges,  and  in  proportion  as  the  field-work  advanced,  intermediate 
gauges  were  set  up  and  used  at  Martin's  Dock,  Whitehead's  Sand  Dock, 
Whitehead's  Dock,  Kearney's  Dock,  and  at  Watson's  Dock.  Glass-tube 
tide-gauges  A  and  B  for  minute  reading  w^ere  used  at  Watson's  Dock, 
Sandy  Point,  and  Martin's  Dock,  (at  Perth  Amboy,)  for  measuring  the 
approximate  surface-slopes  during  the  current-observations  made  near 
the  New  York  and  Long  Branch  Bailroad  bridge. 

Simultaneous  tidal  observations  were  for  a  few  days  made  near,  dur- 
ing, and  after  high  and  low  water  stands,  and  at  all  the  seven  gauges. 

Cun-ents. 

The  velocities  and  directions  of  tidal  currents  were  observed  during 
a  whole  ebb  and  flood,  both  above  and  below  the  New  York  and  Long 
Branch  Bailroad  bridge.  Cylindrical  poles  reaching  from  the  surface 
of  the  water  to  a  depth  of  six  feet  below,  a  depth  answering  the  average 
draught  of  vessels  navigating  at  present  the  Baritan  Biver,  were  used 
as  floats.  The  position  of  these  free  floats  was  determined  in  very  short 
intervals  of  time  by  instruments  placed  at  the  extreme  ends  pf  carefully- 
measured  and  well-located  base-lines. 

Soundings. 

The  soundings  in  water  exceeding  in  depth  three  fathoms  were  taken 
oy  means  of  hand-lines;  those  in  shallow  water  by  means  of  poles. 
Each  sounding  was  located  by  instrumental  observations  on  shore. 


Digitized  by  LjOOQ  IC 


EEPOET    OF   THE   CHIEF   OF   ENGINEERS.  175 

Triangulation. 

Three  base-lines  were  carefully  measured  and  connected  by  triangu- 
lation. The  magnetic  and  true  bearings  of  the  longest  lines  were  ob- 
served. 

B. — RESULTS  OP  THE  FIELD-WORK. 

1 Tides. 

The  tidal  wave  coming  round  Sandy  Hook  and  passing  through  Rari- 
tan  Bay  and  up  the  Baritan  Biver  steadily  increases  in  range  until  the 
rise  and  fall  of  tides  at  French's  Landing  is  0.36  foot  greater  than  at 
South  Amboy,  and  0.49  foot  more  than  at  Sandy  Hook.  From  French's 
Landing  np  the  tidal  wave  diminishes  very  little,  being  at  New  Bruns- 
wick as  much  as  5.164  feet. 

While  there  is  a  difference  in  time  of  only  17  minutes  between  the 
establishments  of  South  Amboy  and  French's  Landing,  the  passage  of 
the  tidal  wave  from  the  latter  place  to  New  Brunswick,  a  tortuous  and 
shallow  channel  five  and  three-fourths  miles  in  length,  is  subjected  to  a 
retardation  of  34  minutes. 

The  average  duration  of  fall  of  tides,  reckoning  from  the  middle  of  one 
stand  to  the  middle  of  the  next,  increases  from  Sandy  Hook  up  to  New 
Brunswick,  lasting  at  Sandy  Hook  6h.  15m.,  at  South  Amboy  6h.  28m., 
at  French's  Landing  7h.  12m.,  and  at  New  Brunswick  7h.  16m. 

Mean  high-water  level  answers  the  elevation  of  the  salt-meadows 
through  which  the  river  winds  its  way. 

2. — Currents, 

The  flood,  which  runs  in  the  channel  near  South  Amboy  with  a 
Telocity  of  1.05  nautical  miles  per  hour  during  the  swiftest  part  of  an 
average  tide,  gradually  diminishes  in  velocity  on  its  way  up.  Near 
Martin's  Creek,  very  little  flood-current  is  experienced.  The  maximum 
velocity  during  an  average  tide  of  the  ebb-current  is  1.60  nautical  miles 
per  hour  in  the  channel  near  Amboy. 

The  ebb-current  diminishes  somewhat  in  swiftness  at  the  upper  part 
of  the  river,  but  increases  considerably  in  duration.  The  river-water  is 
brackish  at  French's  Landing  and  fresh  at  New  Brunswick. 

3. — Soundings, 

The  minimum  depth  of  the  Delaware  and  Earitjvn  Canal,  as  reported 
by  Mr.  I.  J.  Wistar,  general  superintendent,  is  at  present  8  feet.  "But 
the  Chesapeake  and  Delaware  Canal,  over  which  a  large  quantity  of 
*  through 'or  joint  traffic  is  passed,  claims  a  depth  of  10  feet.  This 
company  (the  Delaware  and  Karitan  Canal  Company)  is  now  altering 
-  culverts,  dredging  canal- bed,  and  otherwise  preparing  to  make  the  same 
depth  of  10  feet  whenever  the  adjacent  rivers  shall  be  in  a  condition  to 
carry  the  same."  (Letter  of  Mr.  I.  J.  Wistar,  general  superintendent, 
Appendix  C.) 

Hence,  soundings  showing  in  the  river-channel  a  less  depth  at  mean 
low-water  than  8  feet  indicate  present  obstructions,  while  those  showing 
depths  less  than  10  feet  mark  out  the  points  for  improvement  of  the 
channel  when  the  contemplated  deepening  of  the  canal  shall  have  been 
effected. 

The  minimum  width  of  the  river-channel  should  not  be  less  than  200 
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feet,  thus  allowing  the  large  tows,  which  can  just  get  through  the  100- 
foot  draws  at  Perth  Aniboy,  to  pass  each  other  safely  on  the  river  above 
the  bridge. 

Taking  these  considerations  as  a  basis,  we  find  the  following  obstruc- 
tions to  navigation  : 

1.  Shoal  water  in  the  river  above  the  canal-locks  at  !New  Brunswick. 
(Five  miles  above  !New  Brunswick  a  dam  is  built  across  the  whole  width 
of  the  river  for  the  purpose  of  feeding  the  canal  with  water.  This  sec- 
tion of  the  Baritan  Biver  acts  as  a  valuable  tidal  basin  to  the  river.) 

2.  A  gravel,  sand,  and  mud  shoal,  narrowing  the  ehannel-width,  com- 
mences about  160  feet  below  the  Kew  Brunswick  locks.  The  custom  of 
the  Delaware  and  Baritan  Canal  Company  of  dumping  the  material 
dredged  in  the  canal  over  the  tow-path,  from  whence  it  rolls  down  the 
steep  embankment,  and  is  carried  down  and  deposited  by  the  river- 
current  below  New  Brunswick,  has  most  likely  contributed  to  if  not 
formed  this  shoal. 

3.  Bocks  300  feet  below  the  New  Brunswick  locks.  They  consist  of 
red  shale,  and  project  into  the  channel  from  the  steep  south  shore  of 
the  river,  narrowing  the  channel,  and  endangering  vessels,  which  are 
apt  to  be  carried  on  them  by  the  ebb-currents  setting  toward  the  con- 
cave shore. 

4.  A  ledge  of  rocks  3,300  feet  above  Martin's  Dock  commences,  about 
1,200  feet  long  and  100  feet  wide,  and,  running  parallel  to  the  concave 
north  shore  of  the  river,  reduces  the  channel- width  considerably. 

5.  Opposite  Martin's  Dock  there  is  a  reef  of  rock  in  the  middle  of  the 
river. 

6.  Shoal  water  below  Widmar's  Dock  and  above  Lawrence's  Creek. 
This  obstruction  consists  of  gravel  and  sand. 

7.  Near  Whitehead's  Dock  is  a  reef  of  rocks  covered  with  sand,  lying 
in  the  middle  of  the  river. 

8.  The  ''  Middle  Ground  "  is  a  very  extensive  gravel  and  sand  shoal 
below  Crab  Island,  and  is  due  to  the  sudden  expansion  of  the  cross- 
section  of  the  river. 

9.  The  ^^  Stakes'^  present  a  tortuous,  shallow,  and  changeable  channel 
to  the  navigator. 

This  obstruction  is  due  to  various  causes,  viz :  the  non-coincidence  in 
the  paths  of  the  strong  ebb  and  flood  currents ;  the  great  increase  in 
the  width  of  the  cross-section  of  the  river ;  and,  finally,  to  the  outlet  of 
Bed  Boot  Creek. 

Comparing  the  hydrographic  survey  of  1851  with  the  recent  survey, 
one  finds  a  rather  increased  depth  in  a  generally  wider  channel,  due 
partly  to  the  stirring  of  the  bottom  caused  by  the  numerous  steamers 
passing  through,  and  in  some  cases  to  the  construction  of  docks  from 
the  shore,  whereby  the  cross-section  of  the  river  has  been  contracted 
and  the  scour  increased. 

In  presenting  this  report  of  the  obstructions  to  navigation,  with  the 
charts  and  informatioh  relating  to  the  tidal  flow  and  rise  from  New 
Brunswick  to  its  outlet,  the  capacity  of  the  river  for  improvement  be- 
comes evident.  The  high  range  of  tides  at  New  Brunswick,  obtained 
against  the  serious  obstacles  of  rocky  shoals  and  sharp  45urves  in  the 
course  of  the  river,  manifests  the  energy  of  the  tidal  flow. 

It  is  fair  to  presume,  therefore,  that  the  removal  of  these  impediments 
will  increase  the  flow,  and  at  the  same  time,  by  decreasing  the  duration 
of  the  ebb,  add  to  its  scouring  effect. 

The  construction  of  the  dike,  indicated  approximately  in  position 
upon  the  chart,  and  extending  from  a  point  below  the  mouth  of  Bed 
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Eoot  Creek  to  a  short  distance  above  the  head  of  Crab  Island,  by  its 
effe<;t  iu  the  removal  of  certain  shoal  spaces  in  the  channel,  and  concen- 
trating in  the  same  direction  the  tidal  flow,  seems  to  be  the  tirst 
important  element  in  the  general  improvement  of  the  river. 

The  next  would  be  to  strengthen  the  course  of  the  river  by  excavat- 
ing a  new  channel  which  should  cut  off  certain  sharp  and  deep  curves 
at  present  existing. 

But  as  the  amount  devoted  to  the  survey  was  not  adequate  to  the 
necessary  examination,  by  borings,  of  the  proposed  new  route  of  the 
chaanel.  and  as  other  questions  relating  to  the  ownership  of  the  hiud, 
&c,  would  need  inquiry,  it  has  been  deemed  expedient  at  this  tiuie  to 
glance  merely  at  what  is  considered  the  next  important  step  in  tl)e  im- 
provement. No  estimate,  of  course,  can  now  be  presented  lor  such  ex- 
cavation ;  but  should  Congress  grant  morie^^  for  the  improvement  of  the 
river,  I  would  recommend  that  a  careful  comparison  be  made  of  tbis 
plan,  as  to  cost  and  advantages,  with  the  same  elements,  contingent 
upon  following  the  present  course  of  the  river. 

The  obstacles  existing  in  the  river  from  Crab  Island  to  New  Bruns- 
wick have  already  been  enumerated  in  this  paper,  and  it  is  proper  now 
to  present  the  estimates  made  for  their  removal,  including  the  cost  of 
the  dike  and  excavations  between  Crab  Island  and  lied  lioot  Creek. 

The  estimate  to  secure  a  depth  of  8  feet  at  mean  low-water  is  $1,707,- 
042.58 ;  to  secure  a  depth  of  10  feet  at  mean  low-water,  $2,093,062.05. 
The  details  are  given  in  Appendixes  D  and  E.  It  is  not  certain  that  the 
excavation  of  the  tidal  basin  estimated  for  in  the  last  project  would  be 
necessary,  at  least  to  the  extent  there  given  ;  the  funds  available  having 
been  exhansted  before  a  survey  of  that  portion  of  the  river  above  New 
Brunswick,  which  would  constitut-e  the  location  of  the  basin,  could  be 
made,  renders  that  portion  of  the  estimate  open  to  an  amendment. 

It  is  proper  here  to  state  why  the  amount  allotted  to  this  survey  failed 
to  supply  all  the  information  desirable.  After  the  allotment  was  made, 
the  expenses  were  increased  by  the  survey,  and  exact  current-observa- 
tions taken  at  the  site  of  the  railroad-bridge  then  building  near  the  mouth 
of  the  river ;  the  necessity  for  this  having  arisen  after  the  apportioning 
of  the  amount  for  the  Raritan  River. 

An  inspection  of  the  estimates  (Appendixes  D  and  E)  shows  that  the 
great  cost  of  the  improvement  will  principally  be  due  to  the  larger 
amounts  of  rock  to  be  excavated,  which  lie  above  Whitehead's  Sand 
Dock,  and  that,  excluding  the  rock,  the  cost  of  improvement  up  to  the 
dock  above  named  would  be  about  $200,000. 

The  question  then  naturally  occurs,  should  the  United  States  spend 
nearly  two  millions  for  the  rest  of  the  improvement,  or  should  the  Dela- 
ware and  Raritan  Canal  Company  ])ush  the  outlet  of  their  canal  as  far 
down  the  river  as  Whitehead's  Sand  Dock  f 

A  third  estimate  for  10  feet  in  depth  up  to  Widmar's,  and  thence  for 
a  depth  of  8  feet  to  New  Brunswick,  would  amount  to  $1,726,210.77, 
which  is  very  little  more  than  the  amount  of  the  first  estimate  given. 

I  have  already  reported,  by  letter  of  November  18  last,  upon  the  new 
railroad-bridge  at  the  mouth  of  the  river,  and  hope,  should  experience 
demonstrate  the  inconveniences  and  impediments  offered  by  this  struc- 
ture to  navigation  to  be  serious,  that  no  pains  will  be  spared  by  the 
Government  to  have  it  removed,  Perth  Amboy  is  the  nearest  collection- 
district. 

The  survey  was  executed  during  the  fall  of  1873  by  the  parties  of 
Messrs.  A.  Zoller  and  B.  A.  Giesler. 

Mr.  Julius  H.  Striedinger,  C.  E.,  was  in  general  charge  of  the  survey 
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and  plottings,  and  to  him  I  am  indebted  for  the  compilation  of  the  in- 
Ibrmation  deduced  from  the  survey  and  for  a  calculation  of  the  quanti- 
ties in  the  estimates. 

Mr.  Francis  B.  Stevens,'^eneral  superintendent  of  the  Camden  and 
Amboy  Railroad  Company,  is  entitled  to  thanks  for  the  kind  assistance 
be  lent  us  in  pointing  out  the  localities  of  the  submerged  obstructions, 
&c.,  at  the  commencement  of  the  hydrographic  survey. 

Respectfully  submitted. 

John  Newton, 
Lieut  Col.  of  Engineers^  Bvt  Major- Oeneral. 

Brig.  Gen.  A.  A.  Huiviphreys, 

Chief  of  EngineerSj  U.  S.  A. 


Cdrnmereial  statistics. 

Appbkdix  a. 

Collector's  Office  BELAWi^RE  and  Raritan  Canal, 

Neto  Brunswichf  N.  J,,  December  5, 1873. 
Number  of  steamers,  sailiDg-vessels,  boats,  and  rafts  passing  the  ontlet-lock  at  New 
BruDswiok  (bound  east)  daring  the  season  of  1871 : 

Steamers 1,545 

Sailing-yessels 668 

Caual-boats 13,215 

Rafts 434 

Total 15,8^ 

Total  nnmber  of  tons  passing  through  the  Delaware  and  Raritan  Canal  dnrin^:  the 
season  of  1871 : 

Toiii« 

Eastward 2,647,430 

Westward 406,427 

Total 3,063,857 


Appendix  B. 

Collector's  Office  Delaware  and  RARiTASi  Caxal, 

New  BruMimck,  N.  J.r  December  5,  1873. 
Statement  of  articles  carried  through  the  Delaware  and  Baritan  Canal  during  the 
season  of  1871 : 

2,172,751  tons  of  coal,  at  $4 $8,691,004  00 

50'2»279  linear  feet  of  tie-timber,  at  10  cents 50,227  9(^ 

1,^^02,286  cubic  feet  of  square  timber,  at  40  cents 720,914  40 

13,r)r)3,782  feet,  board-measure,  at  5  cents 677, 689  10 

1,003,008  bushels  grain  and  feed,  at  81.25 1,25:},760  00 

238.707  barrels  of  flour  and  corn-meal,  at  $4.50 1,074, 181  50 

61,729  tons  of  iron,  at  $60 3,703,704  00 

40r3,082  tons  of  merchandise,  at  $60 24,304,920  00 

40,476,436  90 
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Appekdix  C. 

Delaware  and  Raritan  Canal, 
(Pennsylvania  Railroad  Company,  lessee,) 
Philadelphia,  January  3,  ld74. 

Dear  Sir  :  I  have  vour  favor  of  the  3l8t  nltirao,  inquiring  the  designs  of  the  com- 
pany iu  reference  to  the  draught  of  water  in  the  Delaware  and  Raritan  Canal. 

The  new  lock  at  New  Brunswick  is  used  for  laden  boats,  and  the  old  one  for  light 
boats.  It  is  considered  that  we  now  have  a  minimum  depth  of  fully  8  feet  throughout 
the  canal. 

But  the  Chesapeake  and  Delaware  Canal,  over  which  a  largo  quantity  of  '*  through" 
or  joint  traffic  is  passed,  claims  a  depth  of  10  feet. 

This  company  is  now  altering  culverts,  dredging  canal-bed,  and  otherwise  preparing 
to  make  the  same  depth  of  10  feet,  whenever  the  adjacent  rivers  shall  be  in  a  condi- 
tion to  carry  the  same.  A  large  amount  of  money  has  been  already  expended  for  this 
purpose  iu  anticipation  of  improved  river  navigation,  and  such  work  is  now  in  prog- 
ress. 

We  sincerely  hope  that  your  report  will  induce  the  necessary  action  on  the  improve- 
ment of  the  Raritan  River,  and  especially  that  it  may  authoritatively  express  the  great 
injury  to  the  heavy  and  increasing  commerce  of  the  Raritan,  which  is  being,  and  will 
be,  caused  by  the  completion  of  the  bridge  at  South  Amboy  on  the  present  plans. 
Very  respectfully, 

I.  J.   WiSTAR, 

General  Superintendent  CanaU. 
Gen.  John  Newton, 

LieutenantrColonel  EngineerSy  U.  5.  A, 


Appendix  D. 

EnHmate  of  cost  for  permanent  improvement  for  an  8-foot  channel  at  mean  loio-icateTf  rocl> 
excavation  Extending  to  a  depth  of  10  feet  at  mean  low-water. 

Gravel,  sand,  and  mud  shoal  below  New  Brunswick  locks,  52,700  cubic 

yanls,  at  35  cents $18,445  00 

Rocks  300  feet  below  New  Brunswick  locks,  2,399  cubic  yards 76, 76^  00 

Ledge  of  rocks  3,300  feet  above  Martin's  Dock,  17,504  cubic  yards 542, 6*24  00 

Reef  of  rocks  opposite  Martin's  Dock,  4,672  cubic  yards. 1H2, 20S  00 

Reef  of  rocks  covered  with  sand  near  Whitehead's  Dock,  11,509  cubic 

yanls 497,188  80 

Middle-gronnd,  55,505  cubic  yards,  i^t  35  cents 19, 444  25 

Stakes,  15,528  cubic  yards,  at  35  cents 5,434  80 

ll,400feet  ofdike, at  S12.48  per  running  foot 142,272  00 

Contingencies,  15  per  cent,  of  the  above 222,657  73 

1,707,042  58 


Appendix  E. 

For  a  10-foot  channel  at  mean  low-water. 

Dredging  tidal  basin,  648,000  cnbic  yards,  at  40  cents $259, 200  00 

Shoal  commencing  160  feet  below  New  Brunswick  locks,  225,051  cnbic 

yards,  at  35  cents 78,767  85 

Rocks  300  feet  below  New  Brunswick  locks,  2,399  cubic  yards 76, 768  00 

Ledge  of  rocks  3,300  feet  above  Martin's  Dock,  17,504  cubic  yards 542, 624  00 

Reef  of  rocks  opposite  Martin's  Dock,  4,672  cubic  yards 182, 208  00 

Shoal  below  Widmar's  Dock,  14,400  cnbic  yards,  at  35  cents 5, 040  00 

Reef  of  rocks  covered  w^ith  sand,  near  Whitehead's  Dock,  11,509  cubic 

yards 497,188  80 

Middle-gronnd,  55,555  cubic  yards,  at  35  cents 19, 444  25 

Stakes.  15,528  cubic  yards,  at  35  cents 5,434  80 

Dike,  11,400  fieet  long,  at  $13.60  per  running  foot 15:i,900  00 

Contingencies,  15  per  cent,  of  the  above 273,086  35 

2,093,662  05 
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APPENDIX  X. 

ANNUAL  REPORT  OF   MAJOR  G.   K.  WARREN,  CORPS  OF 
ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30, 

1874. 

Engineer  Office,  United  States  Army, 

Netcporty  R.  L,  July  1,  1874. 
General:  I  have  the  honor  to  submit  the  annual  reports  of  improve- 
ments and  surveys  of  rivers  and  harbors  under  my  charge  during  the 
fiscal  year  ending  June  30, 1874. 
Very  respectfully, 

G.  K.  Warren, 
Major  of  Ungineer8,nnd  Bvt  Maj.  Gen,  U.  S.  A. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers.  U.  8.  A. 


Xi. 
hyannis  breakwater,  ^iassachusetts. 

During  the  past  fiscal  year,  the  approprijition  of  $10,000  made  by  the 
act  of  Congress  approved  March  3,  1873,  has  been  expendeil  in  the  re- 
building and  repairing  of  about  220  feet  of  the  west  end  of  the  break- 
water. 

This  work  has  been  conducted  with  especial  reference  to  making  the 
wall  above  low-water  as  solid  as  possible  so  that  it  may  best  resist  the 
force  of  the  waves,  and  to  bringing  the  slopes  under  water  up  to  the  angle 
required  to  insure  permanence,  which  we  think  is  attained  here  by 
making  the  seaward  slope  1  upon  2,  and  the  other  1  upon  1. 

The  west  end,  for  the  length  of  220  feet,  is  now  in  a  proper  condition, 
but,  as  stated  in  my  last  report  on  this  improvement,  the  remaining 
length  of  the  breakwater  is  in  an  unsafe  condition  below  low-water. 
Many  gaps  exist  in  the  seaward  slope,  which,  together  with  its  steep- 
ness, demand  early  repairs  to  prevent  a  brea<5h  in  the  parapet. 

The  estimates  given  below  are  for  this  purpose. 

4,000  touB  of  riprap  graDite,  at  $3.50  per  ton $14,000  00 

Superintendence,  &c.,  10  per  cent 1,400  00 

15,400  00 

I  deemed  it  advisable  to  make  a  survey  of  the  harbor,  sheltered  by  the 
breakwater,  for  the  purpose  of  ascertaining  the  need  and  probable  cost 
of  enlarging  the  anchorage-ground  by  dredging,  and  herewith  transmit 
a  map  of  the  same,  and  also  the  report  of  Mr.  P.  M.  Blake,  assistant 
engineer,  who  had  charge  of  the  work. 

I  find  that  a  greater  depth  exists  than  shown  on  the  Coast  Survey 
chart  of  Hyannis  Harbor  for  1850,  while  the  area  available  for  vessels 
drawing  more  than  nine  feet  is  sufficiently  large  at  present  for  the 
use  of  the  coasting-trade. 

All  that  is  now  needed  to  make  this  work  permanently  safe  is  a  suffi- 
cient amount  of  riprap  properly  placed,  and  the  appropriation  of 
$5,000  for  the  present  year  will  be  used,  so  far  as  it  will  go,  toward 
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the  accomplishment  of  this  object.  I  estimate  that  $10,000  more  will 
be  required  to  complete  these  necessary  repairs,  and  urge  that  an 
appropriation  for  that  amount  be  made  for  the  fiscal  year  endiug  June 
30,  1876. 

The  removal  of  the  light-house,  as  suggested  in  my  former  report, 
from  its  present  position  to  the  east  end  of  the  breakwater,  is  again 
recommended. 

Hyannis  is  in  the  Barnstable  collection-district.  Barnstable  is  the  nearest  port  of 
entry.  The  amount  of  re  venae  collected  there  daring  the  fiscal  year  ending  Jane  30, 
1874,  was — 

Fhmneial  statement. 

Balance  in  Treasury  of  United  states  July  1,  1873 $10,000  00 

Arooant  appropriated  by  act  approved  June  23,  1874 5, 000  00 

Ainonnt  expended  during  the  fiscal  year  ending  June  30,  1874 9, 885  16 

Amount  available  July  1,  1874 5,114  84 

Amoont  required  for  the  fiscal  year  endiug  June  30, 1876 10, 000  00 


Report  of  Mr,  Percy  M.  Blakej  Assisiant  Engineer. 

Enoinkek  Office,  Uxfted  Statks  Army, 

Neipport,  £.  /.,  June  18,  1874. 

Sir:  I  have  the  honor  of  submitting  the  following  report  on  the  improveni»»nt  of  the 
breakwater  at  Hyannis,  Miiss.,  authorized  by  act  of  Congress  approved  March  3,  1873, 
appropriating  SIO.OOO  fur  the  improvement  of  Ilyannis  Harbor- 

A  survey  of  the  breakwater  made  in  April,  1873,  showed  the  need  of  adding  riprap  to 
the  slope  under  water  throughout  its  length,  even  where  the  part  above  low-water  had 
been  in  late  years  repaired,  and  built  up  to  the  required  height  above  high-water,  tlie 
seaward  slope  in  places  being  steex)er  than  1  upon  1.  About  220  feet  of  the  west  end, 
where  no  repairs  had  recently  been  made,  was  but  a  few  inches  above  high-water,  and 
the  stones  lay  in  a  very  irregular  manner. 

A  section  of  the  proposed  improvement  was  prepared,  in  which  the  height  of  the  cap- 
ping above  mean  low- water  was  the  same  as  that  of  the  portion  already  finished,  and 
the  outer  slope  was  1  upon  2. 

Proposals  for  furnishing  in  place  about  1,930  tons  of  best  granite,  as  regarded  dura- 
bility, were  advertised  for  on  June  19,  1873,  and  the  lowest  bidders  were  Messrs.  Daw- 
son, Tank  &  Co.,  of  New  London,  Conn.,  who  became  the  contractors  for  the  work  at 
$4.40  per  ton  of  2,240  pounds,  to  be  measured  in  vessels  gauged  by  the  engineer  in 
charge  of  the  work. 

In  obedience  to  your  orders,  I  went  to  Hyannis  August  26, 187.3,  to  superintend  oper- 
ations. The  first  load  of  stone  was  delivered  August  27,  and  the  coutractors  continued 
to  deliver  the  stone  in  accordance  with  the  terms  of  the  contract  until  November  4, 
when  the  uncertainty  of  the  weather  stopped  further  work. 

During  1H73,  1,0^32  tons  of  stone  were  delivered  and  116  feet  of  the  west  end  finished, 
and  capped  with  heavy  stoue  laid  as  headers,  as  specified  in  the  contract. 

Work  was  resumed  [again]  April  27,  1874,  and  continued  till  June  15,  1874,  when  a 
length  of  217  feet  was  built  up  to  the  required  level,  and  finished  olf  square  at  the  ex- 
treme west  end.  Both  slopes  under  water  for  the  same  length,  217  feet,  and  the  inner 
slope  for  50  feet  more,  were  repaired  to  the  width  required  by  the  new  section.  Tlie 
work  of  delivering  stone  was  then  stopped,  as  the  appropriation  was  about  expended. 

Daring  this  season's  work,  674  tons  of  stone  were  delivered  by  Messrs.  Dawson,  Tank 
&  Co.,  making  a  total  for  them  of  1,706  tons.  Of  this  amount,  about  400  tons  were 
used  on  the  outside  slope,  about  200  tons  on  the  inside  slope,  and  the  reinaiudur,  1,103 
tons,  were  used  above  low- water.  The  capping- stones,  or  top-headers,  weighed  about 
350  tons,  leaving  756  as  the  amount  built  into  the  wall. 

The  plans  adopted  for  the  improvement,  together  with  the  monthly  progress,  are 
shown  on  accompanying  sketch. 

Although  symmetrical  in  its  appearance  above  low- water,  the  breakwater  east  of 
where  this  last  appropriation  was  used  is  not  yet  complete  below  that  level.  To  make 
this  so,  the  slopes  below  low-water  should  be  built  up  so  as  to  conform  in  section  with 
that  part  finished  during  the  past  year.  With  sacli  a  seaward  slope  as  this  p<irtion 
now  has,  it  would  not  be  surprising  if  some  heavy  southerly  storm  shpuld  make  a 
sadden  and  wide  breach  in  it. 

Heavy  ripraps  should  be  pat  in  for  930  feet  on  the  outside,  till  the  slope  becomes  the 
required  cue  of  1  on  2. 
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From  sections  prepared  from  data  collected  doring  the  enrvey  of  April,  1B73, 1  estimate 
tbat  3,6:^5  tons  of  stone  will  be  required  to  brinj;  the  outside  to  the  required  slope,  while 
fully  365  tons  more  will  be  needed  to  dress  the  inside  slope  to  1  on  1,  and  till  up 
boles  discovered  by  the  sounding-pole.  This  will  make  the  amount  yet  required  about 
4,000  tons. 

To  be  thoroughly  efifectivei  the  stones  should  not  weigh  less  than  one  and  a  half  tons 
«ach. 

During  the  progress  of  improvement,  I  made  a  survey  of  the  harbor  of  Hyannis, 
under  your  direction,  and  platted  the  same  on  a  scale  of  iV(rn- 

The  length  of  shore-line  mapped  is  1.9  miles,  and  the  area  sounded  over  covers  the 
Auchonige-gronnd  protected  by  the  breakwater,  and  which  is,  in  fact,  all  of  the  avail- 
able basin  for  vessels  drawing  more  than  9  feet. 

All  soundings  were  located  by  triangulations  from  measured  bases  on  shore.  The 
breakwater  was  located  by  repeated  triangulatlons  from  nearly  every  survey-station. 
The  plane  of  mean  low-water,  rise  and  fall  of  tide,  &c.,  was  detei-mined  from  a  record 
of  nine'^days.  the  gauge  being  read  every  ten  minutes  from  7  o'clock  in  the  morning 
till  6  at  night,  and  the  sounxlings  taken  were  reduced  to  this  plane.  The  mean  rise 
and  fall  as  thus  determined  was  3.11  feet,  and  agreed  very  nearly  with  the  figures 
obtained  from  the  tide-tables  of  the  Coast  Survey  tor  1874,  the  latter  being  3.2  feet. 

The  mean  low-water  plane  was  referred  to  underpinning  of  light>honse,  that  being 
the  nearest  substantial  object,  and  is  25.529  feet  below  the  top  of  granite  block  in 
underpinning  3.5  feet  eaut  of  east  side  of  window,  on  south  side  of  keeper's  house. 

The  contours  on  the  map  show  a  steep  bank  just  east  of  and  within  the  entrance  to 
the  harbor,  yhich  is  a  source  of  annoyance  to  vessels  entering  or  leaving  the  basin.  Two 
range-buoys  on  either  end  of  this  bank  would  be  of  great  service  to  sailing-masters. 

The  point  of  land  at  Hyannis  port  is  wearing  away  slowly,  and  a  part  of  the  material 
is  no  doubt  carried  along  the  shore  in  each  direction. 

From  the  evidence  of  those  living  near  the  harbor,  and  those  familiar  with  the  varions 
depths  along  the  shore,  it  wonld  seem  that  a  very  perceptible  shoaling  is  taking  place 
to  the  west  of  the  railroad-wharf.  It  is,  however,  in  an  unimportant  ))art  of  the 
harbor,  and  until  it  extends  to  the  end  of  the  wharf  it  can  in  noway  aflfect  the  amoant 
of  local  conmierce. 

Of  the  value  of  Hyannis  Harbor  as  a  port  of  refuge  much  has  been  said,  and  its 
claims  are  well  known.  Its  great  value  to  ship-owners  and  sailing-masters  depends 
largely  upon  the  condition  of  the  breakwater.  It  is  probable  that  when  this  is  once  in 
the  condition  for  which  we  have  estimated  it  will  need  no  further  repairs  for  a  long 
time. 

Yours,  respectfully, 

Percy  M.  Blakk, 

Civil  EiKjineer^ 

Gen.  G.  K.  Warrex, 

Major  of  Engineers,  U,  S,  A. 


X2. 

EDGARTOWN  HARBOR,  MASSACHUSETTS. 

Nothing  has  beeu  done  here  since  the  date  of  my  report,  of  March 
31,  1874,  giving  a  full  account  of  our  operations  during  the  previous 
working-season.  It  is  earnestly  recommended  that  all  the  remaining 
funds  be  applied  to  surveys  and  investigations  at  points  not  heretofore 
satisfactorily  determined,  and  upon  which  the  propriety  of  our  operations 
thus  far  materially  depends.  I  give  below  the  collection-district,  the 
revenue  collected,  and  the  financial  statement,  after  which  I  request 
that  my  report  dated  March  31,  1874,  and  accompanying  papers,  be 
appended. 

Edgnrtown  is  in  Edgartown  collection-district,  and  is  a  port  of  entry.  The  amount 
of  revenue  collected  there  during  the  fiscal  year  ending  June  3'^,  1874,  was— 

Financial  statement 

Balance  in  Treasury  of  United  States,  July  1, 1873 |15,000  00 

Amount  in  hands  of  officer  and  subject  to  his  check 4,  364  81 

Amount  expended  during  the  fiscal  year  ending  June  30, 1874 17»989  33 

Amount  available  July  1,  1874 1,375  48 
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SPECIAL  REPORT  ON  IMPROVEMENT  OF  EDGARTOWN  HARBOR,  MASSA- 

CHusErrs. 

Engineer  Office,  United  States  Army, 

Newport^  B.  J.,  March  31,  1874. 
General  :  I  have  the  honor  to  transmit  herewith  my  report  and  that 
of  m^  assistant  engineer,  Mr.  H.  S.  Van  Ingen,  with  a  map,  giving  a 
full  account  of  the  operations  during  the  season  of  1873,  for  improving 
the  harbor  of  Edgartown,  Martha^s  Vineyard  Island,  Mass. 

The  plan  proposed  was  carried  out,  but  it  failed  entirely  to  accom- 
plish the  object  intended,  and  all  the  appropriation  has  been  expended, 
except  about  $1,300,  which  is  barely  enough  to  make  a  much-needed 
survey. 

Had  the  operation  succeeded,  no  further  means  would  have  been  re- 
quired, and  as  the  result  had  not  been  reached  when  the  last  annual 
estimates  were  submitted,  no  further  appropriation  was  aaked  for. 

It  seems  to  me  proper  that  this  report  should  be  at  once  sabmitted  to 
Congress,  so  that  with  the  knowledge  before  that  body  it  will  be  able 
to  decide  what  further  course  to  take.  I  have  prepared  this  report  as 
soon  as  practicable. 

Very  respectfully, 

G.  K.  Warren, 
Major  of  Engineers ^  Bvt  Maj.  Oen.  U.  /S".  A. 
Brig.  Gen.  A.  A.. Humphreys, 

Chief  of  Engineers  J  U.  8.  A. 


introduction. 

The  improvement  designed  for  the  harbor  of  Edgartown  was  to  be 
offectedby  re-opening  Cotamy  Bay  to  the  Ocean  by  an  arfcittcialcutthrough 
Cotamy  Beach,  thus  restoring  the  circulation  of  the  tides  in  this  harbor 
as  it  existed  prior  to  the  closing  of  the  natural  outlet  through  Cotamy 
Beach  in  1869. 

The  operations  were  confined  to  digging  through  the  beach  and  through 
the  contiguous  shoal  in  the  bay.  The  work  was  conducted  with  care  and 
energy,  aided  by  the  most  experienced  men  of  this  part  of  our  coast 
whose  services  we  could  procure. 

The  amount  of  labor  expended  and  material  removed  were  equal  to 
onr  expectations,  and  the  cut  was  carried  entirely  through  the  shoal 
and  beach. 

It  was  designed  to  throw  it  open  at  the  time  of  a  favorable  high  tide 
in  the  bay,  but  a  very  feeble  tide  in  the  bay  occurred  at  the  time  we 
were  ready,  and  the  next  high  tide  in  the  ocean  coming  with  a  violent 
storm  broke  into  the  cut.  The  velocity  of  the  current  was  very  great, 
as  it  had  a  head  of  at  least  four  feet. 

The  current  rapidly  widened  the  cut  but  did  not  carry  the  sand  out  of 
it,  and,  on  the  change  of  the  tide,  the  ocean-waves  closed  the  opening 
on  that  side.  Efforts  were  made  afterward  to  open  the  cut  with  the 
outflow  of  the  bay-tide,  but  the  waves  each  time  closed  it  up  at  the 
period  of  slack-water. 

The  difficulties  of  the  undertaking  have  not  been  fully  appreciated. 
As  far  as  I  know,  no  such  attempt  has  succeeded  anywhere  in  this 
country.    All  the  artificial  openings  that  have  been  made  through 
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ocean-beaches  have  been  from  fresh-water  ponds,  with  a  large  constant 
head  of  water,  independent  of  the  intermittent  action  of  the  tides. 

The  end  sought  not  having  been  reached,  it  becomes  important,  be- 
fore proceeding  to  further  efforts,  that  we  should,  firsts  fully  reconsider 
the  original  plan  and  the  data  on  which  it  is  based;  secondy  make  as 
complete  a  statement  as  possible  of  the  operations  carried  on  to  realize 
it ;  third,  present  the  subject  as  thoroughly  as  we  can  by  the  aid  of  the 
additional  data  obtained  in  these  operations,  with  the  modifications  of 
the  plan  which  seem  called  for;  finally,  to  discuss  the  importance  of 
the  object  to  be  accomplished,  concluding  with  8uchre€k}mmcndations  as 
we  feel  justified  in  making. 

The  report  will,  therefore,  be  separated  into  chapters,  arranged  as 
follows . 

Chapter  I. — History  of  the  undertaking,  from  its  inception,  with  data 
on  which  plan  of  operations  is  based. 

Chapter  II. — Amount  of  the  operations  for  carrying  out  the  plan. 
with  the  results  and  observations. 

Cliapter  III. — A  somewhat  extended  presentation  of  the  physical 
features  and  forces  concerned  in  the  formation  of  Cotamy  Beach,  and 
in  making  and  closing  openings  through  it,  with  a  new  project  for 
making  an  opening. 

Chapter  IV. — A  brief  discussion  of  the  importance  of  the  objects  to 
be  accomplished,  with  recommeudations  for  further  surteys. 

Conclusion, — Recommendations  as  to  further  appropriations. 

Appendix. — Report  of  H.  S.  Van  Jngen,  civil  engineer,  assistant  oq 
the  work. 

CHAPTER  I. 

HISTORY  OF  THE  PROJECT  OF  OPENING  COTAMY  BEACH. 

The  first  publication  on  this  subject  with  which  I  aoi  acquainted  is  in  the 
Sixth  Annual  Report  of  the  Board  of  Harbor  Commissioners,  published 
in  January,  1872.  This  report  is  made  to  the  legislative  bodies  of  the 
State  of  Massachusetts,  the  commissioners  being  Josiah  Quincy,  Dar- 
win E.  Ware,  F.  W.  Lincoln,  J.  N.  Marshall,  and  W.  T,  Grammer.  The 
report  says : 

The  attention  of  the  board  was  caUed  early  in  the  season  (that  of  1871)  to  the  clos- 
ing of  the  outlet  through  Cotamy  Bay,  in  Edgartown,  about  two  years  ago,  (that  is,  iu 
18()9.)  *  *  •  The  effect  of  the  destruction  of  the  outlet  was  to 

destroy  the  circulation  of  the  tides  through  the  harbor,  (Edgartown  Harbor,)  diminish 
the  scour,  and  induce  a  tendency  to  shoaling.  The  question  to  be  investigated  was 
whether,  by  artificial  means,  the  outlet  could  be  made  again  and  the  tidal  effecta 
restored,  and  when  and  under  what  circumstances  this  outlet  should  be  made. 
**  *  *  These  inquiries  were  so  important,  so  difficnlt,  and  so  technical 

that  the  board  applied  to  Prof.  Benjamin  Peirce,  the  Superintendent  of  the  United 
States  Coast  Survey,  for  his  co-operation  in  making  the  investigations. 

The  commissioners  then  quote  from  his  letter  in  response  as  follows: 

The  vicinity  of  Edgartown  has  been,  for  many  years,  interesting  to  the  Coast  Sur- 
vey because  of  the  changes  there  in  the  outer  beaches,  and  because  of  the  remarkable 
tidal  phenomena  which  occur  there.  As  long  a^o  as  1846,  Lieutenant  (now  Rear-Ad- 
miral)  Charles  Henry  Davis  called  the  attention  of  scientific  men  to  the  physical 
changes  that  were  in  "progress  along  the  shores  of  Nantucket  and  Martha's  Vineyard, 
and,  in  the  same  year.  Assistant  H.  L.  Whitiug  made  his  complete  topographical  sor^ 
vey  of  the  ihland  and  its  shores. 

My  own  connection  with  these  particular  studies  goes  back,  oflflcially,  as  far  as  1855, 
when  the  problems  arising  from  Mr.  Mitchell's  tidal  investigations  were  referred  to  lUQ 
forsolutiou  by  my  predecessor. 
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The  board  gave  the  topographical  survey  to  the  charge  of  Prof.  H. 
L.  Whiting,  and  the  physical  hydrography  to  Prof.  Henry  Mitchell,  and 
the  report  says  : 

They  brought  to  the  work  a  particular  interest  and  preparation. 

The  report  of  Prof.  Whiting,  Avssistant  United  States  Coast  Survey, 
made  to  the  Superintendent  of  the  United  States  (voast  Survey,  was 
published  as  an  appendix  to  the  coniniissioners'  report,  and  since  pub- 
lishe<l  in  the  United  States  Coast  Survey,  annual  report  for  1809.  From 
this  I  take  the  following: 

The  coinparison  of  the  surveys  just  made  with  those  of  previous  dates  fl84G,  1854, 
1h55,  and  1856)  «  *  *  aftbrds  data  for  most  interesting  stndy.  «  *  » 
At  the  time  of  my  first  snrvey,  in  1846,  the  opening  through  Cotaniy  Beach  was  at  the 
eastern  corner,  so  to  speak,  of  the  bay,  and  wjis  formed  by  Chappaquiddick  Ishmd  and 
the  east  end  of  the  beach.  Ic  was  about  2,000  feet  in  width,  aud  within  the  opening  • 
were  two  small  sand  islands. 

The  condition  of  the  inlet  corresponded,  in  its  general  location  and 
width,  to  that  shown  on  Des  Barrels  max)S  of  177G.  The  resurvey  in  185G 
wns  made  to  determine  the  position  and  dimensions  of  the  new  opening 
which  was  reported  to  have  been  made  in  a  then  recent  storm.  This 
snrvey  showed  that  great  changes  had  taken  place  since  1846.  The  old 
inlet  had  worked  about  one  mile  to  the  eastward  of  its  former  deter- 
mined site  and  the  point  of  the  beach  had  lapped  by  the  end  of  Chap- 
paquiddick  over  half  a  mile;  about  2,300  square  feet  of  the  southwest- 
ern face  of  the  island  had  washed  away;  instead  of  being  an  opening 
2,000  feet  wide  directly  opposite  the  waters  of  the  bay,  it  w^as  narrowed 
to  one  about  500  feet  wide,  confined  between  the  iast  land  of  Ohappa- 
quiddick  and  the  beach,  and  the  waterway  between  the  ocean  and  the 
bay  wa8  about  3,000  feet  in  length.  The  new  inlet  had  broken  open  op- 
posite the  middle  of  the  bay  and  was  about  1,400  feet  in  width. 

"Quite  reliable  local  information  concerning  the  intermediate  changes," 
Professor  Whiting  says,  was  obtained  by  hiu),  in  substance  as  follows: 
Soon  after  the  new  or  west  opening  formed  in  1856  the  east  opening 
closed.  This  remaining  opening,  "  following  the  law  of  motion  which 
seems  to  govern  all  the  inlets  on  the  south  side  of  the  island,"  began  to 
move  eastward,  passed  the  position  of  the  inlet  which  had  closed  in  1856, 
aud  continued  on  till  the  point  of  beach  forming  its  outer  chop  reached 
a  point  in  line  with  the  general  trend  of  the  east  shore  of  Ghappaquid- 
dick,  where  the  rapid  tidal  current  of  Muskeget  Channel  checked  its 
further  progress.  This  opening  gradually  narrowed,  "  until,  at  the  occur- 
rence of  a  storm  and  tide  favoring  the  action,  the  most  easterly  x>ortion 
of  the  beach  was  beaten  in  upon  the  island  by  the  ocean  waves,"  and 
the  opening  closed.    This  took  place  in  1869. 

There  is  a  tradition,  which  Professor  Whiting  refers  to,  that  once  be- 
fore, for  a  short  time,  in  the  early  part  of  this  century,  the  beach  was 
continuous  as  it  now  is. 

The  length  of  this  beach  from  east  to  west  is  about  three  and  a  half 
miles,  with  an  average  width  of  450  feet. 

Professor  Whiting's  plan  of  re-opening  the  beach  I  give  in  his  own 
words,  for  it  essentially  embraces  all  the  teatures  of  the  plan  attempted, 
and  although  I  do  not  think  his  ideas  have  had  a  favorable  trial,  I  be- 
lieve considerable  more  difficulty  lies  in  the  path  of  success,  than 
would  be  inferred  from  its  most  careful  perusal.    It  is  as  follows : 

The  most  favorable  point  at  which  to  re-open  Cotamy  Buach  seems  to  be  at  or  near 
the  w(?Kt  end  or  bead  of  the  bay. 
The  arguments  in  favor  of  this  location  are  as  foUows: 
lat.  The  great-er  length  of  time  that  the  inlet  will  probably  remain  ox)en,  assuming 
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that  it  will  move  from  weBt  to  eaat  as  fast,  and  close  as  soon  after  reaching  its  eastern 
limit  as  the  former  inlets  have  done. 

2d.  The  fact  that  this  contracted  section  of  the  hay,  hy  confining  the  tidal  cnrrentn 
between  the  main  land  of  the  island  and  the  beach,  as  they  flow  to  and  from  the  actaal 
inlet  favors  the  formation  and  maintenance  of  a  channel  through  the  shoal-groand 
bordering  the  beach  into  the  deeper  waters  of  the  bay. 

3d.  Economy  in  cutting  through  the  beach,  as  the  cross-section  at  this  point  isahoat 
the  minimum. 

"  Although  an  opening  throngh  the  beach  suflScient  to  merely  start  the  water  run- 
ning, if  mSe  at  the  time  predicted  by  Professor  Mitchell,*  may  and  probably  will 
create  a  natural  inlet,  and  such  an  inlet  may  answer  the  physical  demands  required  to 
restore  the  tidal  circulation  through  the  harbor:  still  the  uncertainty  of  a  single  tide 
doing  the  required  work,  and  the  contingency  of  an  intervening  storm  or  ocean  swell 
preventing  the  continued  action  of  the  succeeding  tide,  render  tne  scheme  of  depend- 
ing upon  the  scouring  power  of  the  tide  alone  a  questionable  one,  unless  accompanied 
by  a  prepared  pathway  for  it  as  far  through  the  beach  as  practicable,  and  of  such  a 
width  as  shall  at  once  secure,  when  opened,  a  stream  of  considerable  volume. 

Apart  from  the  physical  importance,  an  effect  of  opening  an  inlet  through  the  outer 
beach,  there  are  difficulties  of  navigation  which  such  an  inlet  only  would  not  relieve. 

As  seen  on  the  map  or  sketch  which  Professor  Mitchell  and  myself  jointly  append  to 
oar  reports,  there  is  a  ran^e  of  shoal-ground  bordering  the  beach  and  extending  from 
east  to  west  along  the  entire  south  front  of  the  bay.  Professor  Mitchell  has  stated  in 
his  report  that  this  shoal-ground  has  increased  within  the  last  fifteen  years  by  the 
amount  of  about  1,000,000  of  cubic  yards.  This  coincides  with  the  i>opGlar  opinion  of 
the  cuusrant  accumulation  of  material  upon  this  ground,  which  is  now  so  extensive 
and  so  shoal,  that  it  is  difficult  for  the  peculiar  class  of  boats  required  for  the  outside 
fishing  and  pilotage  to  cross  it;  in  fact,  they  cannot  do  soexcoptby  one  or  two  tortuous 
and  imperfect  channels. 

If  the  channel- way  through  this  shoal-ground  were  made  in  connection  with  a  new 
inlet  through  the  beach,  it  would,  of  course,  give  great  relief  to  the  boating  interest, 
both  for  pilotage  and  fishing.  Here  again  the  western  section  of  the  bay,  before 
alluded  to,  presents  naturally  favorable  ground  for  such  a  channel,  by  improving  what 
was  once  probably  a  natural  channel  leading  to  some  former  inlet. 

As  a  basis  for  the  general  dimensions  and  character  of  a  channel  and  inlet,  as  pro- 
posed, I  have  taken  a  width  about  equal  to  the  narrowest  section  of  the  natural  pass- 
age-way between  the  harbor  and  bay,  which  is  about  300  feet.  This  is  not  wider  than 
desirable  for  a  beating  channel.  The  depth  is  regulated  by  the  class  of  boats  in  geu' 
eral  use,  which  require  about  4  feet  at  mean  low-water.  As  before  stated,  there  are  in 
this  part  of  the  bay  the  traces  of  a  former  channel  throngh  this  shoal.  By  following 
the  general  course  of  this  old  channel  and  removing  such  portions  of  llie  shoal  as  in 
places  now  block  it  up,  a  passage-way  300  feet  wide  and  4  feet  deep  may  be  obtained 
by  the  excavation  of  about  41,000  cubic  yards  of  the  material  of  the  shoal.  A  corre- 
sponding excavation  through  the  beach  to  the  level  of  mean  high-water  ouly,  which 
is  probably  all  that  will  be  needed  to  insure  a  successful  inlet,  will  require  the'^renioval 
of  14,000  cubic  yards  of  sand. 

I  had  but  a  small  party  organization,  and  am  indebted  to  Professor  Mitchell  and  Mr. 
Martndin  for  many  favors  and  much  assistance  in  the  execution  of  my  field-work. 

At  this  point  in  this  history  the  bearing  of  certain  comments  on  this 
l>lan  can  be  more  properly  introduced  than  elsewhere,  although  in  cer- 
tain respects  it  would  be  well  to  reserve  them  till  after  the  data  of 
Professor  Mitchell's  report  have  been  presented. 

This  division  of  the  subject  in  two  reports  increases  somewhat  the 
difficulty  of  understanding  the  engineering  questions  involved. 

Professor  Whiting's  plan  depends  upon  the  nature  and  extent  of  the 
tidal  influences,  but  we  find  no  allusion  to  the.se  in  his  report,  except  in 
the  one  case  of  his  reference  to  "the  time  predicted  by  Professor 
Mitchell." 

There  is  here  a  dual  derivation  of  the  tides,  which  produces  the  most 
complex  phenomena,  and  the  different  levels  on  the  opposite  sides  of 
the  Cotamy  Beach  constitute  the  foundation  on  which  the  success  of  the 
project  for  opening  the  beach  artificially  is  based. 

*  This  will  appear  further  on  in  my  report.— G.  K.  W. 
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It  seems  at  first  sight  an  incongruity  in  Professor  Whiting's  plan  tbat 
we  should  dig  a  boating  channel  through  the  shoal  in  the  bay  to  the  cut 
through  the  beach,  when  it  is  expected  this  cut  will  move  eastward  and 
leave  the  boating  channel  behind.  But  Professor  Whiting's  idea  of  the 
boating  channel  was  to  have  it  formed  by  enlarging  a  partial  channel 
already  existing  in  the  shoal,  and  he  relied  upon  there  being  a  constant 
connection  between  the  cut  as  it  moved  eastward  and  the  proposed 
boating  channel  by  means  of  a  natural  channel  which  has  always 
existed  between  the  beach  and  the  inner  shoal. 

This  inside  shoal  appears  to  have  been  formed  by  the  sand  brought 
iu  through  the  former  inlets.    Much  of  it  is  bare  at  low-water. 

The  channel  between  it  and  the  beach  is  itself  shallow  and  of  irreg- 
ular width,  and  no  boat  drawing  more  than  one  foot  can  use  it  throughout 
at  low-water.  I  think  the  cutting  of  a  channel  through  the  shoal,  even 
at  the  most  favorable  point,  was  not  necessary  to  the  success  of  the  cut 
through  the  beach,  and  it  might  have  been  left  till  the  opening  through 
the  beach  was  secured.  As  it  was,  the  making  of  this  cut  involved,  as 
he  estimated  it  would,  the  largest  portion  of  the  expenditure.  Had 
the  money  all  been  expended  in  opening  the  beach  itself,  it  would  have 
given  more  chance  of  success,  although  I  thinl^  even  then  success  was 
very  uncertain. 

The  second  point  I  would  call  attention  to  in  Professor  Whiting's 
plan  is  the  width  of  the  proposed  artificial  cut,  which  he  took  at  300 
Jeet,  "  equal  to  the  narrowest  section  of  the  natural  passage- way 
between  the  harbor  and  bay."  The  remark  following — ''  This  is  not  wider 
than  desirable  for  a  beating  channel " — indicates  that  some  physical  idea 
other  than  the  want  of  a  beating  channel  determined  in  his  mind  the 
proposed  width. 

The  only  physical  condition  which  he  states  as  regulating  the  desired 
width  is  that  it  must  be  '<of  such  a  width  as  shall  at  once  secure,  when 
oiMfued,  a  stream  of  considerable  volume." 

If  the  channel  between  the  bay  and  harbor  is  to  determine  the  re- 
quired dimensions  of  the  new  opening,  it  would  seem  the  most  natural 
that  it  should  have  the  same  sectional  area.  Now,  the  area  of  section 
at  bigh-wrtter,  at  the  point  between  the  bay  and  harbor  where  the 
width  is  300  feet,  is  about  6,600  square  feet,  giving  a  mean  depth  of  22 
feet.  Judging  from  the  accounts  of  former  openings  and  the  condition 
of  the  gravel  and  pebble  bar,  which  our  operations  of  the  past  year 
show  mnst  exist  at  the  ocean  end  of  the  inlet,  it  does  not  seem  x)rol)abl6 
that  the  mean  high-water  depth  of  the  opening  would  exceed  4  feet. 
Hence  the  new  width  would  be  at  least  ^Y"=  1,050  feet.  We  knew 
such  a  shoal  water-way  would  not  give  the  same  facility  for  water  to 
flow  as  the  narrow  and  deep  one  of  the  same  area,  so  we  should  expect 
the  natural  opening  to  exceed  this  width,  such  as  it  was  found  to  be  by 
measurement,  about  2,000  feet  wide,  w^hen  presented  directly  to  the 
ocean.  A  less  width  might  suffice  when  th6  inlet  was  presented  to  the 
current  of  the  Muskeget  Channel. 

Now,  if  2,000  feet  is  the  natural  width  of  opening  presented  direct  to 
the  ocean,  requisite  to  permanence  against  the  immediate  effect  of  a 
storm,  it  is  not  improbable  that  any  materially  less  artificial  width 
would  be  closed  "by  an  intervening  storm  or  ocean  swell"  before  it 
obtained  its  normal  width. 

Our  operations  the  past  year  show  almost  conclusively  that  an  open- 
ing through  the  beach  sufiicient  to  merely  start  the  water  running  out, 
made  at  the  time  predicted  by  Professor  Mitchell,  probably  will  not 
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"  create  a  natural  outlet,"  unless  aided  by  a  remarkable  recurrence  of 
favorable  tides,  calm  weather,  and  quiet  seas. 

(See  report  of  Mr.  Van  IngeD,  civil  engineer,  appended  to  this.) 
The  report  of  Professor  Mitchell,  Assistant  United  States  Coast  Sur- 
vey, to  the  Superintendent  of  the  United  States  Coast  Survey,  forms  a 
part  of  the  appendix  of  the  report  of  the  Massachusetts  Board  of  Har- 
bor Commissioners,  made  January,  1872.  This  repoit  of  Professor 
Mitchell's  relates  to  both  Edgartown  and  Nantucket  Harbors,  and  is 
mainly  devoted  to  ^^ physical  aspects  and  peculiarities^^ 

I  will  endeavor  to  extract  from  this  report  so  much  of  Professor  Mitch- 
ell's views  as  appears  to  me  to  represent  the  physical  forces  operating 
at  Cotamy  Beach,  not  taking  them  in  the  order  presented,  however,  nor 
quoting  always  his  exact  words.    He  says : 

Professor  Whiting's  repeated  topographical  surveys  along  the  south  side  of  Martha's 
Vineyard  show  that  the  bluffs  are  being  contiDually  uudermined  by  the  sea,  and  since  the 
waves  running  before  the  prevailing  westerly  winds  strike  the  shore  diagonally,  there 
is  a  tendency  *'  of  all  materials  to  work  down  to  the  eastward  " — a  tendency  which  8eeuis 
to  have  resulted  in  the  chokiug  up  of  all  the  indentations  of  the  original  shore-line,  and, 
finally,  in  the  formation  of  shoals  on  the  border  of  Muskeget  Channel,  where  the  coast- 
wise movemeut  is  turned  off  by  the  great  stream  from  the  sound,  (Nantucket  Sound.) 

This  action  of  the  waves  to  move  the  material  of  the  shores  in  one 
prevailing  direction  is  common  to  all  shores.  The  motion  of  the  waves, 
however,  is  not  always  in  the  direction  of  the  prevailing  winds.  This 
fact  is  noted  in  many  publications.  An  example  of  this  is  shown  by 
the  action  of  the  waves  on  the  north  side  of  Long  Island,  N.  Y.,  which 
drifts  the  material  westward,  while  on  the  south  side  the  motion  of  the 
drifted  material  is  eastward,  and  yet  the  prevailing  winds  must  be  essen- 
tially the  same  on  the  two  sides  of  the  island.  Another  example  is  fur- 
nished by  Lake  Michigan.  On  the  west  side,  south  of  Milwaukee,  the 
prevailing  motion  is  southward,  and  north  of  that  place  it  is  northward, 
and  yet  the  prevailing  wind  must  be  the  same.  The  prevailing  wave 
motion  must  be  influenced  by  the  tendency  which  wave  oscillations  have 
to  move  from  the  deep  waters  as  a  center  toward  the  shores.  In  some 
instances  the  prevailing  drift,  too,  must  be  modified  by  the  prevailing 
action  of  the  littoral  currents. 

Professor  Mitchell  gi  ves  q  uite  elaborately  h  is  view  of  the  formation  of  th e 
beach,  but  this  is  expressed  somewhat  differently  from  my  understand- 
ing of  the  formation,  and  I  will  not  quote  it  here,  but  give  my  own  view 
further  on.  Our  difterence  does  not  practically  affect  the  question  of 
making  a  new  outlet  through  the  beach. 

I  do  not  find  pointed  out  in  his  report  the  relation  existing  between 
the  motion  of  the  beach-materials  and  that  of  all  former  openings  in  the 
same  direction,  although,  I  take  it,  one  is  the  cause  of  the  other.  The 
motion  of  the  materials  of  the  beach  being  eastward,  this  material  falls 
into  the  opening  on  its  west  side,  and  accumulates  there,  and  the  nar- 
rowing causes  abrasion  to  commence  on  the  east  side  of  the  opening  to 
maintain  its  capacity.  The  action  of  the  wave  itself  is  also  to  abrade 
the  chop  on  that  side.  Such  action  is  going  on  everywhere  along  our 
coasts.  The  "  proneness  to  close"  in  particular  neighborhoods  is,  in  this 
case,  as  Professor  Whiting  says,  where  it  reaches  ''  the  fast  land  of  Cbap- 
paquiddick,"  on  its  east  side,  which  the  current  through  the  outlet  cannot 
abrade  fast  enough  to  keep  pace  with  the  tilling  in  on  the  opposite 
side. 

Professor  Mitchell  says,  referring  to  Professor  Whiting's  explanation 
of  the  manner  in  which  he  supposed  the  former  opening  closed : 

I  cannot  a^rroe  with  Professor  Whiting  iu  supposing  that  the  beach  has  gone  on  acM^n- 
uinlatiug  till  it  presents  a  barrier  difficult  to  overcome,  because  the  power  of  the  tidal 
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circalation  seems  to  me  ont  of  all  proportion  to  the  obstacle.  I  incline  rather  to  the 
impression  that  the  oiirlet  shifting  to  the  eastward  has,  in  this  instance,  happened  to 
run  its  conrse,"  and  close  on  the  border  of  Mnsk«*get  Channel  before  any  great  storm 
had  occarred  to  open  a  new  pass  to  the  westward. 

Professor  Whiting's  explaoation  (see  extract  from  bis  report)  seems  to 
me  the  correct  one,  of  a  physical  result  by  physical  causes.  What  follows 
in  Professor  Mitchell's  I'eport,  '*that  the  opening  must  gradually  lose 
its  strong  tidal  current  as  it  moves  eastward,  and  .very  decidedly  when 
it  reaches  Muskeget  Channel,"  seems  inconsistent  with  his  own  objection 
to  Professor  Whiting's  explanation,  viz,  "  because  the  power  of  the  tidal 
circulation  seems  to  me  out  of  all  proportion  to  the  obstacle." 

I  think  Professor  Mitchell  much  overrates  the  power  of  the  tidal  cir- 
calation in  comparison  with  the  other  forces.  The  tides  act  alternately 
in  opt>osite  directions,  and  four  times  a  day  there  is  a  considerable 
period  of  the  tide  when  there  is  almost  no  current  at  all,  and  during 
which  the  forces  at  work  closing  the  opening  may  be  at  the  height  of  a 
paroxysm. 

When  I  read  "of  the  former  opening  closing  before  any  great  storm 
had  occurred  to  open  a  new  pass  to  the  westward,"  I  hoped  to  find  some 
idea  of  how  the  natural  forces  in  a  great  storm  might  make  a  new  open- 
ing; but  beyond  this  allusion  to  such  a  desired  consummation,  there  is 
nothing  said  in  the  report.  There  is  a  view  expressed  on  this  point  by 
Professor  Whiting  in  Appendix  13  of  the  Annual  Report  of  the  United 
States  Coast  Survey  for  1856,  which  I  will  refer  to  further  on,  when 
giving  my  view  of  this  matter. 

As  before  said,  one  of  the  most  important  parts  of  this  subject  relates 
to  the  tides,  for  on  the  tidal  differences  on  the  opposite  sides  of  the 
beach,  mainly  rests  the  hope  of  making  an  artifical  opening  through  it. 

Professor  Mitchell  says  : 

There  approach  onr  coast  from  the  ocean  'two  oscillations  of  the  tide,  which  meet, 
(as  you  [Professor  Peirco]  express  it,)  and  */orm  iheirnode*  southward  of  Nantucket 
Island.  From  Great  Point,  Nantucicer,  along  the  onter  coas".  of  Ani^rija*  iiorthw  ird, 
hiph-water  occurs  at  or  shortly  hefore  the  transit  of  the  moon,  while  from  Smith's 
Point,  Nantucket,  along  the  outer  coast,  to  the  southwest,  high-water  occoi-s  fonr  or 
five  hours  earlier. 

These  two  oscillations  entering  the  sound,  (Nantucket,)  the  one  hy  (Jay  Hea<l  and  by 
Muskeget  Channel,  and  the  other  by  the  eastern  entrance,  give  very  complicated  tides 
between  Tarpaulin  Cove  and  Tuckermuck. 

In  the  small  tides  of  Holmes  Hole,  Muskeget  Channel,  and  Wewesder,  (south  side  of 
Nantucket,)  there  are  sometimes  four  high-tides  in  one  day  distinctly  given  by  gang- 
uig.  Hut  I  must  not  enter  upon  details  that  would  complicate  th»  conception,  and  I 
would  remark,  by  the  way  of  preparing  the  reader  to  trust  my  calculations,  given  be- 
low, that  the  phenomena  present  really  no  complication  when  simultaneously  observed 
from  point  to  point. 

I  regret  very  much  that  Professor  Mitchell  did  not  present  us  a  fuller 
view  of  these  tidal  phenomena  and  the  various  fluctuations  to  which 
they  are  liable,  which  presentation  I,  who  am  so  little  prepared,  shall 
have  to  make  from  the  study  of  the  United  States  Coast  Survey  Re- 
ports. 

My  object  is  to  give  a  general  idea  of  the  tides  and  currents  and  the 
causes  of  their  variation,  so  that  it  will  be  apparent  that  although  ob- 
servations extended  over  long  periods  may  secure  mean  results,  yet 
that  the  mean  will  furnish  us  no  reliable  ground  for  practical  operations^ 

*  It  will  appear,  further  on,  that  the  same  tibial  wave  reaches  the  shores  of  Nova  Scotia 
as  does  at  Block  Island,  and  that  this  remark  about  the  tides  of  the  coast  of  America 
is  not  true  at  that  point,  nor,  strictly  speaking,  does  the  reapproach  from  the  ocean  two 
oscillations.  They  both  come  from  the  same,  but  cue  is  moditied  by  the  shores. — G. 
K.W. 
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In  the  Annual  Report  of  the  United  States  Coast  Survey  for  1857,  p. 
350,  Professor  Mitchell  says : 

The  study  of  tides  and  currents  must  be  regarded  in  a  twofold  relation  :  first,  as 
affording  the  means  of  constructing  prediction  tables  for  immediate  use  in  navigation; 
second,  as  an  inquiry  into  a  class  of  agencies  whose  ceaseless  activities  are  gradually 
altering  the  configuration  of  our  harbors  and  sea-coasts,  here  cutting  away  bemllauda, 
there  stretching  out  hooks,  destroying  at  one  point  and  building  at  another.  We  are 
called  upon  not  only  to  exhibit  the  daily  and  hourly  conditions  of  these  great  elements, 
but  to  ascertain  their  offices,  their  modes  of  operation,  aud  their  effect. 

In  Professor  Mitchell's  pamphlet  on  tides  and  tidal  phenomena,  pub- 
lished by  the  Bureau  of  Navigation  of  the  Navy  Department,  Scientific 
Paper  No.  2,  he  introduces  the  subject  thus : 

Tidal  phenomena  present  themselves  to  the  observer  under  two  aspects:  as  alternate 
elevations  and  depressions  of  the  sea,  and  as  recurrent  inflows  and  outflows  of  streams. 

The  word  tide  in  common  usage  is  applied  without  distinction  to  both  the  vertical 
and  the  horizontal  motion  of  the  sea,  and  much  confusion  has  arisen  among  navigators 
from  the  double  application  of  this  term. 

Careful  writers  of  modem  times,  however,  use  the  word  tide  in  strict  reference  to  the 
changes  of  elevatianf  while  they  distinguish  the  recurrent  streams  us  tidal  currents  or 
tidal  drifts.  With  regard  to  the  wordis  ebb  And  flood  no  distinction  of  application  has 
been  observed. 

•   A  discussion  by  Prof.  A.  D.  Bache,  based  upon  actual  observations  of 
the  currents  and  rise  and  fall  of—- 

The  complicated  system  of  tides  in  Nantucket  and  Martha's  Vineyard,  and  the  sea 
outside  of  the  Islands  giving  names  to  the  sounds, 

was  commenced  in  the  Annual  Report  of  the  United  States  Coast  Sar- 
vey  for  1854,  p.  36.    It  continues : 

This  region  forms  the  dividing  space  between  the  tidal  establishments  of  eight 
hours  and  of  twelve  hours  or  more,  properly  the  cotidal  hours  of  XII  aud  XV.* 

In  Professor  Mitchell's  report  in  Annual  Report  for  1856,  p.  263,  we 
read  : 

The  western  or  Xll-hour  wave  as  observed  at  the  extremity  of  our  field,  (Block  Is- 
land,) is  similar  in  every  respect  to  the  general  tide-wave  observed  along  the  coast  be- 
tween this  point  and  Georgia.  Its  half-monthly  irregularities  in  hei^htn  is  almost 
identical  with  that  observed  at  Old  Point  Comfort,  Virginia;  even  ihe  individual  waves 
compare  well  at  these  two  places.  The  eastern  or  XV-hour  wave  at  the  other  extremity 
of  our  field,  (Monomoy,)  is  far  from  being  similar  to  the  tides  of  the  coast  to  the  north- 
ward; its  individual  tides  differ  from  those  of  Boston,  and  its  large  irregularities  would 
seem  not  even  to  b«3  uiuUipUs  of  thoie  observed  at  that  place. 

The  mean  rise  and  fall  of  this  wave  at  Monomoy  is  about  3  feet. 

The  eastern  or  XV-hour  wave  is  then  evidently  affected  by  the  west- 
ern wave,  and  in  order  to  find  the  simpler  form  of  the  XV-hour  tide- wave 
we  must  go  farther  north. 

The  report  of  Professor  Ba(*.he  (Annual  Report  of  the  Coast  Survey  for 
1857,  Appendix  Xo.  33,  p.  342)  givesalong  with  the  determination  of  the 
tide,  made  under  his  own  superintendence,  a  few  made  by  Captain  Short- 
land,  R.  N.,  and  Admiral  Bayfield,  R.  N.,  extending  our  partial  knowl- 
edge of  the  tides  to  the  northeast  as  far  as  Cape  Breton  Island.  It 
seems  probable  from  the  chart  accompanying  this  annual  report  that  it 
is  the  same  ocean  oscillation  which  reaches  our  coast  in  its  simple  form 
almost  simultaneously  south  of  Martha's  Vineyard  Island  and  at  Cap© 
Breton  Island.    From  this  latter  point  south  westward,  as  the  wave  moves 

'There  is  an  apparent  diRcrepancy  here  in  the  establiahments  of  8  hours  and 
12  hours,  and  the  cotidal  honrs  of  12  honrs  and  15  hours,  but  the  probable  expla- 
nation is  that  the  establishment  time  refers  to  local  difterences  between  Gay  Head  and 
Mouonioy,  wh'le  the  cotidal  hours  refer  to  the  lines  drawn  through  points  when  the 
tide  waves  are  oot  locally  affected.— G.  K.  W. 
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sboreward  into  the  great  iudentation  along  the  coast  of  Maine,  it  meets 
with  retardation  in  time  and  receives  an  angmentation  of  heights, 
flDd  thus  may  be  generated  the  modified  tide  reaching  as  far  south  as 
Nantucket.* 

This  modified  tide- wave,  however,  undergoes  other  modifications  as  it 
approaches  the  simple  wave  south  of  it,  and  we  cannot  take  the  tide- 
wave  at  Mouomoy  as  indicating  the  form  and  extent  of  the  northern  or 
XV-hour  tidal  derivation.  For  the  purpose  of  this  report  it  may  be 
near  enough  to  take  the  tide-wave  as  it  appears  at  Provincetown,  Cape 
Cod,  where  the  mean  rise  is  about  9  feet,  (and  does  not  change  materially 
from  this  along  the  coast  of  Maine,)  as  representing  this  northeastern 
wave. 

Therefore  I  assume  that  the  9  feet  at  Gape  God,  and  3  feet  at  Block 
Island,  represent  the  extent  of  the  oscillations  of  these  waves  where  un- 
influenced directly  by  each  other. 

The  following  other  differences  between  these  two  tide- waves  is  stated 
by  Professor  Mitchell,  ( Annual  Report  1856,  p.  253 :) 

Though  the  meau  rise  and  fall  of  the  western  wave  is  less,  the  half-moDthly  changes 
in  ma^itude  are  mnch  greater  with  this  than  the  eastern  wave.  All  the  other  irreg- 
ularities differ  also  in  degree.  Thas  occurs  the  alternate  predominance  of  the  tide- 
waves  at  their  x>oint  of  meeting. 

The  point  of  meeting  above  referred  to  I  take  to  be  simply  the 
meeting  of  the  oscillations  only. 

The  other  phenomena,  the  tidal  currents,  produced  by  the«e  oscillations, 
occupy  the  whole  interval  between  Mouomoy  and  Gay  Head  in  their 
equalization,  and  each  predominates  through  all  the  space,  to  a  more  or 
less  degree,  twice  a  day.  The  real  meeting  and  neutralization  of  these 
two  tide-waves  requires  the  whole  space  in  the  sounds,  straits,  and 
ocean  between  Gape  God  and  Gay  Head. 

The  want  of  synchronism  in  these  two  tides  is  such  that  the  high 
part  of  one  falls  partly  into  the  hollow  of  the  other,  and  thus  every- 
where between  the  places  where  each  is  independent,  the  resulting  tide 
is  less  than  it  would  have  been  if  the  dominant  tide  prevailed. 

The  width  of  the  passage  between  Mouomoy  Point  and  Nantucket 
Island,  through  which  the  larger  tide  enters,  is  nearly  as  great  as  the 
combined  widths  of  the  Muskeget  Ghannel  and  the  Vineyard  Sound 
Channel,  through  which  the  other  enters,  and  its  depth  i-  on  an  average 
greater.  The  extreme  effect  of  the  western  tide  in  different  parts  of 
the  sound  must  be  less  than  that  of  the  other,  its  magnitude  at  any 
point  depending  upon  the  proximity  of  the  inlets  filled  by  this  western 
wave. 

Professor  Mitchell  says,  page  262,  Annual  Report^  1856 : 

It  is  ascertained  from  lines  of  levelin^^  connecting  the  tidal  stations  that  the  mean 
level  is  identical  for  the  two  systems;  that  is, the  tide- waves  throughout  this  rfgion 
rise  and  fall  above  and  below  a  common  plane. 

Though  this  is  not  doubted,  for  long  periods  the  observations  made 
by  us,  between  October  16,  and  November  1,  inclusive,  and  on  Novem- 
ber 6  and  7,  mainly  during  the  day-time,  which  favored  the  greater  tide 
on  the  inside  of  the  bay,  gave  on  the  average  the  low-tide  in  the  ocean, 
0.2  foot  above  that  in  the  bay,  and  the  mean  level  in  the  ocean,  0.5 
above  the  mean  level  in  the  bay. 

On  October  26  the  low-tide  in  the  bay  was  1.0  foot  lower  than  the 

*  If  this  idea  is  correct  it  seems  hardly  proper  to  say,  as  I  have  quoted  from  Professor 
Mitchell,  "  that  there  approaches  our  coast  from  the  ocean  two  oscillations  of  the  tide," 
and  these  appear  to  be  two  derivations  of  the  same  ocean-oscillations  or  tide  waves.^* 
G.K.  W. 
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low-tide  outside,  and  the  high-tide  in  the  ocean  2  feet  above  the  high- 
tide  in  the  bay. 

Jt  seems,  therefore,  probable  tlmt  the  unequal  action  of  the  two  tides 
in  filling  and  emptying  Nantucket  Sound  under  varying  conditions  of 
seasons,  preserves  for  considerable  periods  the  mean  level  of  Nantucket 
Sound  different  from  the  mean  level  of  the  ocean.  Not  only  do  the  rel- 
ative mean  levels  (which  determine  the  head  of  water)  Change,  but  the 
absolute  mean  level  changes  as  well  as  its  mean  slope.  This,  though 
not  materially  affecting  the  flow  of  water  in  the  large  natural  chau- 
nels,  is  of  vital  importance  to  the  flow  through  an  artificial  opening  of 
little  depth  and  width. 

The  winds,  which  all  along  our  coast  have  a  great  influence  on  the 
tides,  here  produce  extraordinary  modifications  both  in  the  periodical 
and  daily  mean  level.  This  is  true  not  only  of  the  prevailing  winds  of 
a  season,  but  of  their  abnormal  changes.  Easterly  winds  increase  the 
inflow  of  water  from  the  eastern  tides  greatly,  and  generally  increase 
both  the  eastern  and  western  tides,  while  westerly  winds  diminish  the 
ocean-tides  and  favor  the  outflow  through  both  the  eastern  and  Muske- 
get  inlets.  Navigators  assert  that  the  irregularities  are  so  great  that 
sometimes  the  ordinar^^  daily  alternations  of  enst  and  west  tides  in  Nan- 
tucket Sound  do  not  take  place,  the  current  remaining  continuous  in 
one  direction. 

The  tidal  currents  which  these  two  tidal  oscillations  occasion  are 
among  the  most  complex  features  of  this  region.  For  the  pur[»ose  of 
presenting  a  general  idea  of  them,  the  accompanying  map,  extending 
from  Monomoy  to  Cutty  hunk,  has  been  prepared  from  the  United  States 
Coast  Survey  Reports,  to  exhibit  the  average  conditions  during  the  pe- 
riod of  a  single  oscillation  of  the  tide- wave  south  of  Martha's  Vineyard. 
The  hours  are  numbered  from  1  to  12,  beginning  with  the  first  hour  of 
the  rising  tide.  The  time  at  which  high  water  occurs  at  different  points 
is  noted  on  the  map,  and  the  mean  rise  near  it,  in  feet.  Arrow-heads  at 
different  places  show  the  changes  of  direction  of  tidal  currents,  and  the 
time  of  change  to  this  direction  is  noted  with  each  arrow.  In  this  con- 
nection consider  also  the  profiles  of  the  tidal  changes  given  in  Chapter  IL 

I  will  now  describe  the  ordinary  tidal  currents  in  the  interfering  and 
tranquilizing  district  between  Gay  Head  and  Monomoy,  corresponding 
to  the  changes  of  level  of  the  water-surface  inside  and  outside  of  Cot- 
amy  Bay.  My  object  is  to  present  these  currents  to  the  mind  so  as  to 
show  their  practical  bearing  upon  the  engineering  question.  I  shall 
therefore  use  common  terms  and  not  the  scientific  ones,  which  involve 
conceptions  not  easy  to  be  realized  except  by  those  familiar  with  the 
scientific  study  of  tidal  phenomena. 

Let  us  begin  with  the  conditions  existing  at  the  time  of  low-water  ia 
the  ocean  south  of  Cotamy  Bay.  This  occurs  when  the  moon  is  about 
one  and  a  half  hours  past  the  meridian.  The  tide  in  Nantucket  Sound 
and  Cgtamy  Bay  has  now  been  falling  about  two  hours,  but  is  still 
almost  at  the  greatest  dift'erence  of  level  above  the  ocean-surface.  The 
curi^nt  is  now  running  out  through  the  Muskeget  Channel  and  Vine- 
yard Sound,  but  still  running  in  at  Monomoy,  showing  that  the  tide  just 
northeast  of  Monomoy,  when  it  first  begins  to  fall,  discharges  its  waters 
into  Nantucket  Sound  and  out  through  the  other  channels. 

After  the  ocean-tide  south  of  Cotamy  Bay  has  risen  about  one 
hour  the  ocean  northeast  of  Monomoy  has  fallen  so  much  that  the  cur- 
rent begins  to  run  out  at  Monomoy,  and  Nantucket  Sound  is  emptying 
through  all  its  outlets.  This  state  of  things  continues  till  the  begin- 
ning of  the  fourth  hour  of  the  rising  tide  outside  of  Cotamy  Bay.    At 
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this  time  tbe  ocean-level  south  of  the  sound  has  become  higher  than  in 
tlie  east  part  of  the  sound  and  the  current  passes  into  the  sound  from 
the  Muske^ret  Channel  and  flows  directly  in  toward  the  Monomoy 
eutraiice.  This  influx  of  water  at  the  Muskeget  Channel  slightly 
retards  the  fall  of  the  water  in  the  sound,  and  it  also  sliglitly  retards 
tbe  rise  of  the  ocean-tide  outside  of  Cotamy  Beach.  At  this  time  the 
Muskeget  Channel  and  the  eastern  entrance  may  be  regarded  as  a  con- 
tiuuous  strait  conveying  the  water  of  the  southern  rising-ocean  tide- 
wave  to  the  falling  northeastern  one.  At  about  the  end  of  the  fourth 
hour  it  is  low-water  in  Nantucket  Sound  and  Cotamy  Bay,  and  soon  after 
the  current  begins  to  run  into  Nantucket  Sound  through  the  Vineyard 
Sound.  When  this  takes  place  all  the  main  currents  in  Nantucket 
Sound  become  easterly  currents  inward  at  the  Muskeget  and  Vineyard 
entrances  and  outward  at  Monomoy.  Tiie  rise  of  the  tide  in  Nantucket 
Sound  and  Cotamy  Bay,  due  to  the  eastern  tide- wave,  begins  about  the 
fourth  hour. 

The  difference  of  level  between  inside  and  outside  of  Cotamy  Beach 
has  now  reached  its  maximum,  though  it  decreases  but  little  for  several 
hours  thereafter,  the  two  tides  rising  apace. 

At  the  end  of  the  sixth  hour  the  ocean  tide  is  giving  high- water  along 
the  south  shore,  and,  its  level  being  still  considerably  above  that  of  Nan- 
tucket Sound,  the  current  continues  running  in  through  Vineyard 
Sound  and  Muskeget  Channel  and  out  past  Monomoy.  The  southern 
tide  now  begins  to  fall,  and  the  currents  from  Vineyard  Sound  and  Mus- 
keget, with  diminishing  heads,  lose  part  of  their  velocity,  and  the  water 
not  running  in  through  these  passages  as  rapidly  as  before,  while  it  is 
still  rumiing  out  past  Monomoy,  the  level  of  the  sound  stops  rising,  or 
even  falls  a  few  inches.  The  Cotamy  Bay  tide  during  the  seventh  hour 
of  the  falling  tide  outside  is  over  half  up,  and  remains  at  about  this 
level  until  the  beginning  of  the  ninth  hour.  Then  the  tide  from  the 
east  rushes  so  rapidly  in  as,  with  the  assistance  of  the  Vineyard  Sound 
and  Muskeget  currents,  to  force  up  the  level  of  the  whole  sound. 

The  water  at  this  time  (the  beginning  of  the  ninth  hour)  is  running 
in  from  all  directions.  By  the  end  of  the  ninth  hour  the  level  of  the 
sound  is  so  much  above  that  of  the  ocean,  that  the  w^ater  begins  to  flow 
out  through  Muskeget  Channel.  Tjiis  regimen  continues  until  a  little 
after  the  beginning  of  the  eleventh  hour,  or  2  to  3  hours  after  the  Mono- 
moy cuneiit  has  begun  to  flow  in,  when  high-water  occurs  at  Monomoj', 
Edgartowu,  and  other  points  on  the  sound.  It  will  be  noticed  that  the 
Urst  part  of  the  Nantucket  Sound  rise  comes  from  the  first  ocean  tide, 
though  the  top  is  due  to  the  superimposing  of  the  Monomoy  tide  on 
that  of  the  other.  Soon  after  this  high-water  has  been  reached,  or  at 
the  end  of  the  eleventh  hour,  the  water  runs  out  of  Vineyard  Sound, 
still  running  in  past  Monomoy,  but  not  with  sufficient  velocity  to  make 
the  supply  equal  to  the  discharge  through  the  other  passages.  It  is 
now  a  westerly  current  in  all  the  channels.  This  continues  until  the 
Siuue  conditions  with  which  we  started  aie  reached. 

The  bearing  of  the  foregoing  description  of  the  action  of  the  currents 
on  the  question  of  making  an  opening  through  the  beach  is  mainly 
this:  to  make  us  see  that  the  ocean  tidal  wave  south  of  the  beach  is 
very  little  affected  in  its  form  by  the  other  wave,  and  that  it  must  be  toler- 
ably symmetrical,  and  have  its  mean  level  approximately  half  way  be- 
tween high  and  low  water,  while  the  rise  inside  of  the  bay  is  much 
affected  when  about  half  up  by  the  falling  of  the  tide  outside. 

The  meiiu  range  of  the  tide  given  in  the  United  States  Coast  Survey 
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reports  for  the  two  tides  is  2  feet  at  Eigartowa  and  2.7  feet  oatside  the 
beach. 

A  recent  letter  from  Mr.  Mitchell  states  that  for  long  periods  he  re- 
gards the  mean  range  the  same  for  both  tides,  viz,  2.4. . 

From  our  observations  in  October,  1873,  the  mean  range  oatside  was 
mnch  greater  than  inside,  and  the  mean  level  outside  above  that  inside. 
Some  days  the  conditions  favoring  an  inflow  were  fonr  times  as  great  as 
those  favoring  an  outflow.  These  few  observations  accord  with  Professor 
Mitchell's  statement,  that  all  accounts  of  former  openings  showed  a 
greater  inflow  than  outflow.  For  this  he  gives  an  explanation  in  the 
condition  of  the  bar  at  the  ocean  side  of  the  former  openings. 

I  do  not  know  the  data  on  which  Professor  Mitchell  now  concludes 
that  the  two  mean  levels  are  the  same,  but,  unless  it  rests  npon  a  length 
and  accuracy  of  observation  precluding  a  doubt,  I  should  be  inclined 
to  question  it. 

The  following  data  in  regard  to  the  tides  and  their  bearing  upon  the 
proposed  work  is  taken  entire  from  Professor  Mitchell's  report : 

Edgariown  Harbor, — Upon  the  map  which  accompanies  this  report  I  have  drawn  pro- 
files of  the  tidal  carves  for  Cotamy  inside  and  outside,  so  that  one  with  his  eye  may 
see  how  sharp  the  contrasts  of  the  tides  appear  on  the  two  sides  of  this  beach,  and  bow 
much  the  relative  levels  differ.  Not  trusting  any  single  day's  work,  however,  but  going 
back  to  the  whole  series,  I  give  below  a  table  of  average  conditions. 


Cotamy  Bay,  at  the  same  level  as  the  sea  outside,  (before  moon's  transit) ..  2  h.  32  m. 

High-water  in  Cotamy  Bay,  (after  moon's  transit) 0  h.  28  m. 

Greatest  height  of  Cotamy  Bay  above  the  sea  oatside,  (after  moon's  transit,) .  0  h.  40  ro. 

Cotamy  Bay  again  at  same  level  as  the  sea  outside,  (after  moon's  transit). .  4  h.  40  m. 

DIFFERENCE  OF  LEVEL. 

Maximum  height  of  Cotamy  Bay  above  the  sea,  (after  the  larger  high-.water).  1.36  feet 
Maximum  height  of  Cotamy  Bay  above  the  sea  outside  during  a  northeast 

gale  of  ordinary  violence 1.83  feet 

The  times  of  the  preceding  table,  which  are  counted  from  the  moon's  transit,  (t.  f., 
from  her  southing  or  northiug,)  are  subject  to  variations  of  about  40  minutes  either 
way.  It  will  be  safe,  however,  to  provide  for  throwing  open  the  canal  two  hoars  be- 
fore the  time  of  transit  given  in  the  almanac. 

Those  differences  of  level  only  ara  given  in  our  table  which  favor  the  outflow,  and 
those  only  which  follow  after  the  larger  of  the  two  tides  wbich  occur  on  the  same  day. 
Care  should  be  taken  to  select  this  larger  tide,  and  this  may  be  done  by  referring  to  the 
heights  at  Boston,  given  in  the  tide-tables  of  the  Coast  Survey  for  every  day  of  the  year. 
The  differences  of  height  do  not  increase  very  much  trom  neaps  to  springs,  bat  as  the 
opening  is  to  be  made  (according  to  our  presumption)  about  the  time  of  high-water,  there 
will  be  a  saving  of  labor  by  selecting  a  period  of  high-tides.  There  will  also  be  a  decided 
advantage  in  selecting  a  period  of  strong  winds  from  north  to  east,  but  winds  from  the- 
opposite  quadrant  will  prove  very  unfavorable.  During  the  period  when  the  surface 
of  Cotamy  Bay  is  above  that  of  the  ocean,  (i.  e.,  from  2  h.  32  m.  before  till  4  fa.  40  m. 
after  the  transit,)  the  current  runs  southward  through  Muskeget  Channel,  and  some- 
times feebly  to  the  westward  along  the  outside  shore  of  Cotamy  Beach,  but  the  pre- 
vailing stream  along  this  shore  sets  to  the  eastward,  within  the  Wasque  Shoal. 

The  soundings  in  the  harbor  of  Edgartown,  given  upon  the  accompanying  chart,  ex- 
ecuted by  Mr.  Marindin,  differ  Arom  those  which  appear  upon  the  chart  of  Lieut.  Chas 
H.  Davis  (dated  1846)  in  three  localities  of  limited  extent : 

1st.  One  foot  more  water  can  now  be  brought  into  the  town  basin  over  the  bar. 

2d.  The  apron  of  sand  within  Chappaquiddick  Point  has  extended  so  as  to  reduce 
the  depth  all  the  way  across  the  channel  and  impair  the  holding-ground.  The  cross- 
section  most  enoroached  upon  has  lost  about  twenty -five  per  centum  of  its  area. 

3d.  The  increase  of  the  bulk-head  or  shosl  in  the  broadest  portion  of  Cotamy  Bay 
has  occurred,  and  amounts  to  nearly  1,000,000  cubic  yards. 

From  inquiry  among  the  citizens  of  £dgartown,  I  learned  that  the  increase  of  water 
over  the  bar  had  not  been  noticed  by  them,  so  I  conclude  thai  it  may  be  nothing  new, 
but  a  gradual  change  of  past  years. 
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It  was  qnite  otherwise  with  the  apron  of  Gbappaqaiddick  Point,  which  had  excited 
attention  by  its  recent  advances.  The  shoal  in  Cotamy  Bay  has,  underj^one  so  many 
modifications  of  form  within  the  memories  of  pilots  and  boatmen  that  their  testimony 
was  uncertain.  Until  we  can  have  still  another  survey,  we  must  infer  tliat  the  two  years' 
closnre  of  the  beach  has  not  affected  the  bar  or  bay,  bat  htis  conduced  to  the  shoaling 
of  the  main  channel,  and  has  greatly  reduced  its  width  at  one  point.  What  this  change 
portends  I  do  not  dare  predict,  but  I  agree  with  the  good  people  of  Edgartowu  iu 
tbioking  that  something  ought  to  be  done  to  stop  it  forthwith. 

OPINIONS  OF  THE  ADVISORY  COUNCIL. 

In  the  appendix  to  the  report  of  the  board  of  harbor  commissionerM 
J8  also  the  report  of  the  United  States  advisory  council,  consisting  of 
Admiral  C.  H.  Davis,  U.  S.  N.,  Prof.  Benjamin  Pierce,  superintendent 
United  States  Coast  Survey,  and  Prof.  Henry  Mitchell,  [Jnited  States 
Coast  Survey,  who  approved  the  project.  The  following  quotation  ex- 
presses their  confidence  in  its  success : 

An  acquaintance  with  the  hydrography  of  the  neighborhood,  at  times  very  inti- 
mate, during  a  quarter  of  a  century,  discovers  to  us  no  fundaineotal  changes  m  the 
physical  conditions,  and  we  believe  that  with  the  artificial  opening  of  the  inlet  nature 
will  at  once  respond  to  the  efforts  of  the  engineer,  resnme  her  good  offices,  restore  the 
former  re|iriinen  of  the  currents,  and  maintain  perhaps  for  years  all  the  advantages  that 
havedistingaished  this  harbor.  That  the  inlet  wiU  repeat  the  history  of  those  which 
bare  before  existed,  shifting  eastward  and  ultimately  closing,  we  do  not  doubt,  but  the 
remedy  may  always  be  repeated,  and  will  never  be  expensive. 

The  next  step  in  the  prosecution  of  this  undertaking  was  a  memorial 
by  the  commissioners  to  Congress  praying  for  an  appropriation.  This 
is  printed  with  their  report.  In  compliance  with  a  resolution  of  the 
House  of  Representatives  of  April  7tb,  1872,  a  survey  was  made  by 
George  Thorn,  lieutenant  colonel  United  States  Engineers,  under  instruc- 
tions from  the  Chief  of  Engineers.  His  report  is  printed  in  full  in  House 
Ex.  Doc.  No,  297,  42d  Congress,  1st  session,  and  partly  reprinted  in 
the  annual  report  of  the  Chief  of  Engineers  for  1872.  From  the  full 
report  I  quote.:' 

In  order  to  aflcer.tain  the  character  and  qnantity  of  the  material  to  be  excavated,  and 

to  determine  the  most  advisable  location  of  the  proposed  opening  through  the  south 

beach,  near  its  western  extremity,  as  well  as  to  ascertain  what  changes,  if  any,  have 

taken  place  in  the  beach  since  the  survey  wa«  made  last  season,  (changes  which  were 

Bopposed  to  have  been  caused  by  the  extraordinary  storm  of  the  15th  November  last,) 

a  resurvey  has  been  made  with  special  reference  to  those  points. 

•  •.  #  •  »  #  • 

By  comparing  this  map  with  the  map  accompanying  the  memorial  of  the  harbor 
conimissionerB,  it  will  be  seen  that  the  changes  which  have  occurred  along  the  south 
beach  where  surveyed  have  been  unimportant. 

The  channel*  which,  in  my  opinion,  is  the  most  feasible  and  desirable  to  have  opened 
19  shaded  red  in  the  accompanying  map.  This  would  guide  the  tidal  currents  iu  the 
shortest  and  most  direct  course  from  Cotamy  Point  to  the  ocean,  and  would  not,  like 
the  crooked  channel  west  of  it,  be  liable  to  be  closed  by  eddies  formed  by  the  ocean 
Birells,  and,  as  shown  by  the  survey,  the  qnantity  of  excavation  required  would  be 
smaller  than  for  a  channel  at  any  other  place  to  the  westward  of  it.  Moreover,  in 
passing  the  sonth  beach  it  would  sooner  enter  the  deep  water  of  the  ocean,  without 
encountering  the  breakers  indicated  on  the  harbor  commissioners'  niap.t 

Kstimates  have  been  made  for  both  the  eastern  and  western  channels,  (shown  in  the 
drawing)  and  for  widths  of  100,  200,  and  300  feet,  (allowing  for  a  side  slope  of  45°,) 
and  to  a  depth  of  4  feet  at  mean  low-water,  all  tbat  is  required  either  for  the  scour  of 
tidal  cnrrenta  or  for  the  passage  of  the  small  boats,  such  as  are  generally  used  by  the 
fishermen  and  the  pilots  at  that  place. 

The  exposure  of  this  beach  to  the  ocean  storms,  and  the  consequent  liability  to  diffi- 

•This  is  almost  exactly  the  channel  we  worked  out.— G.  K.  W. 

t  Our  observations  show  that  in  heavy  storms  there  is  an  uninterrupted  line  of  break- 
ers all  along  the  shore,  not  unusually  great  in  magnitude,  hut  following  one  after 
another  so  quicklv  that  no  boat  that  waa  small  enough  to  not  strike  the  bottom  could 
live  ui  them  at  ail.-G.  K.  W. 
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eiiltios  and  interruptions  in  opening  a  channel  tbrongh  it,  renders  it  advisable,  in  my 
opinion,  to  o])en  hy  excavation  as  ujnch  of  the  channel  as  practicable,  sa  as  to  favor  as 
ujuch  as  possible  the  action  of  the  tidal  currents  in  their  completion  of  the  work.  The 
estimates  have,  therefore,  been  made  to  include  the  excavation  by  dredging  of  all  the 
nuiterial  (coarse  sand)  to  a  depth  of  4  feet  below  mean  low-water  southward  to  within 
50  feet  of  the  high-water  line  of  the  ocean,  all  above  high-water  (on  the  beach)  to  be 
removed  (at  a  less  expense)  by  barrows  or  carts. 

In  the  report  of  Mr.  H.  L.  Whiting  which  accompanies  the  memorial  of  the  harbor 
commissioners  above  referred  to,  he  recommends  that  the  width  of  the  new  inlet  should 
be  about  300  fret,  which  "  is  about  equal  to  the  narrowest  section  of  the  natural  passage- 
way between  the  harbor  and  bay,  and  is  not  wider  than  is  desirable  for  a  beating  chau- 
nef,"  in  which  I  fully  concur  with  him.  But  as  it  is  highly  important  for  the  preser- 
vation of  this  harbor  that  an  opening  should  be  made  this  season,  so  that  the  harbor 
may  derive  immediate  benefit  from  the  scour  of  the  tidal  currents,  and  as  there  may 
be  also  some  doubt  as  to  the  complete  success  of  this  undertaking,  it  is  respectfully 
recommeiuled  that  the  proposed  channel  should  be  fir^t  oi)encd  to  a  width  of  150  feet, 
only,  to  be  afterward  increiised  to  a  width  of  300  feet  for  purposes  of  navigation.  It  ia 
however,  more  than  probable  that  in  once  making  an  opening  to  a  width  of  150  feet  as 
proposed,  the  action  of  the  tidal  currents  (as  shown  by  Professor  Mitchell)  would  op- 
erate to  singular  advantage,  and  would  increase  the  channel  in  part,  if  not  fully,  to  the 
desired  width  of  300  feet. 

An  estimate  is,  therefore,  made  for  tbis  season  for  a  channel  150  feet 
in  width  only,  which  is  as  follows:  . 

34,000  cubic  yards  excavation  by  dredging,  at  50  cents $17, 000 

10,0(J0  cubic  yards  excavation   by  dredging,  with  carts  and  barrows,  at  30 

cents 3,000 

Adding  for  contingencies,  say 2,  (XK) 

22,000 

The  changes  in  Professor  Whiting's  plan  and  estimate  made  by  General 
Tlioin  weie  in  reducing  the  width  from  300  feet  to  150  feet,  and  in 
designing  to  dig  through  the  beach  down  to  4  feet  below  mean  low- 
water  instead  of  to  the  level  of  mean  high-water,  a  difference  of  about 
7  feet. 

The  line  selected  by  General  Thom  did  not  follow  the  natural  cbannel- 
way  which  Professor  Whiting  suggested,  but  was  a  direct  one  from  the 
point  on  the  west  side  of  Cotamy  Bay  to  the  ocean.  The  total  amount 
of  material  to  be  excavated  was  estimated  by  Professor  W^hiting  at 
oo.OOO  cubic  yards,  and  by  General  Thom,  in  his  project,  44,000. 

Tijc  act  of  Congress  approved  June  11,  1872,  appropriated  820,000, 
having  ouiitted  the  item  of  $2,000  for  contingencies. 

CHAPTER  II. 

ACCOI  NT  OF  THE  OPERATIONS  TO  CARRY  OUT  THE  PLAN  OF  IM- 
PROVEilENT  RECOMMENDED,  WITH  THE  RESULTS  AND  OBSERVA- 
TIONS. 

On  the  commencement  of  the  fiscal  year,  July  1,  1872,  this  work  was 
placed  under  my  charge.  I  advertised  lor  proposals  to  make  excava- 
tions, and  the  lowest  offer  received  was  40  cents  a  cubic  yard.  This  I 
thought  too  large  a  price,  and  did  not  enter  into  a  contract;  but  I  was 
still  further  influenced  by  the  circumstance  that  other  work  beside  the 
excavation  would  probably  have  to  be  done,  the  exact  amount  of  which 
could  not  bef  oreseen,  and  which  a  contract  would  not  leave  nie  with 
discretionary  power  to  execute.  Principal  of  all  the  other  work  that  I 
considerwi  important,  was  the  building  of  a  jetty  out  on  the  ocean  side 
of  the  beach  to  the  west  of  the  proposed  cut,  to*  interrupt  the  progress 
of  the  sand  along  the  shore  and  prevent  it  filling  up  the  cut.  1  was 
unable  to  make  any  satisfactory  arrangement  of  the  work  that  year. 

In  the  beginning  of  the  season  of  1873;  I  submitted  a  plan  of  opera- 
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tions  to  do  tho  work  immediately  under  my  own  directions,  by  liirin<? 
dredges,  tugs,  teams,  and  men  by  the  day,  as  I  might  find  best,  leaving 
me  at  liberty  to  change  anything,  as  experience  or  necessity  eonipelled 
me.  This  course  was  approved  by  the  Chief  of  Engineers.  The  work 
was  in  progress  on  August  30,  and  was  reported  upoa  by  me  in  gen- 
eral terms  at  that  date.  See  Annual  Report  of  Chief  of  Engineers  for  . 
1873,  p.  049.  I  stated  there  that  at  that  time  I  saw  no  occasion  to 
change  the  general  features  of  (xeneral  Thorn's  plan.  The  dredging  was 
begun,  almost  exactjy  on  the  line  he  recommended,  about  Jnly  21,  by 
an  Osgood  dredge,  to  make  the  channel  through  the  shoal  inside  of  the 
l)eacb.  Here  the  depth  was  too  little  to  allow  scows  to  be  used,  so  a 
first  cut  had  to  be  made  by  the  dredge,  throwing  the  material  over  oti 
the  west  side.  Afterward  scows  were  introduced,  and  this  cut  was 
widened  out  to  60  feet,  and  in  some  places  more. 

A  great  deal  of  extra  trouble  and  expense  in  making  this  channel 
arose  from  the  washing  of  sand  into  it  from  the  sides  during  storms 
and  by  the  tidal  currents,  which  caused  sand  bars  to  form  along  its 
course.  This  channel  we  had  to  make  6  to  7  feet  deep  at  mean  low- 
water.  I  now  think  that  all  the  money  spent  on  this  channel,  about 
$12,000,  might  have  been  saved  by  selecting  a  place  for  opening  the 
bench  about  half  a  mile  more  to  the  eastward,  near  where  the  opening 
formed  in  1856.  There  there  is  a  deep  place  between  the  inside  shoal 
aud  the  beach,  which  would  have  served  as  a  dumping-place  for  all  the 
sand  removed  from  the  beach,  which  would  have  enabled  us  to  dispense 
with  the  tng.  With  the  means  thus  saved  we  could  have  commenced  our 
cut  at  once  at  the  beach,  with  a  full  width  of  100  feet  from  the  outset, 
for  in  this  width  the  dredge  could  work  obliquely  at  the  beach,  with 
8C!ows  on  the  outside  of  her,  and  not  require  any  prepared  way.  As  it 
was,  having  adopted  a  plan  which  compelled  us  to  cut  a  channel  through 
the  shoal,  we  had  not  means  enough  to  make  more  than  a  cut  60  feet 
wide  (two  widths  of  the  dredge-boat)  through  the  beach.  Since  the 
dredge,  working  end  in,  could  not  employ  scows  until  one  cut  was  made 
to  float  them  in,  we  employed  teams  with  scrapers  to  remove  the  sand 
hack  from  the  sides  of  the  cut  down  to  low-water.  The  dredge  then 
ma<le  a  cut  through  this  by  throwing  the  material  over  to  tho  side, 
from  which  place  it  was  removed  by  the  teams  and  scrapers.  The  sec- 
ond cut  was  made  by  the  dredge,  dropping  the  material  into  dump, 
scows,  which  were  towed  away  by  the  tugs.  This  is  but  a  general  de- 
scription of  the  work;  the  details  of  it  are  given  in  the  accompanying 
report  of  Mr.  Van  Ingen,  who  assisted  me  in  the  charge  of  the  work. 

During  its  progress  I  found  that  we  had  nothing  to  npprehend  from 
the  drifting  of  the  sand  by  the  winds.  The  project  of  building  a  jetty 
on  the  west  side  of  the  cut  had  to  be  abandoned  for  want  of  means.  It 
was  evident  that  it  must  be  a  very  considerable  work  to  have  any  good 
result.  It  was  the  important  aid  that  the  channel  through  the  inside 
shoal  would  give  in  building  this  jetty  that  made  me  retain  for  it  so 
important  a  place  in  the  project,  for  I  do  not  consider  it  had  any  value 
in  securing  the  opening  through  the  beach,  and  as  far  as  a  boatitig- 
channel  is  concerned,  it  would  have  been  just  as  well  to  leave  that  alone 
till  the  opening  was  secured.  The  temporary  wharf  built  was  also  in- 
tended for  use  in  making  the  jetty,  and  so  was  a  portable  railway-track 
aud  cans,  which  I  borrowed  from  another  work. 

The  difficulties  and  delays  we  experienced  threw  us  back  considerably 
in  time,  and  we  were  not  ready  to  take  advantage  of  some  remarkably 
high  bay  tides  which  occurred  in  the  first  part  of  October,  during  a 
northeast  gale. 
When  we  had  nearly  got  our  cut  through  the  beach,  we  came^uppn  a. 
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marsh  sod,  about  1  foot  thick,  underlying  the  sand  and  being  about  at 
tiie  mean  ocean  level.  This  sod,  it  is  well  known,  resists  the  abrading 
action  of  powerful  currents,  and  we  therefore  carried  our  excavation 
seaward  of  the  main  beach  entirely  through  it,  and  until  we  struck 
the  cordon  of  gravel  and  pebbles  which  lie  along  the  ocean  shore 
just  below  low-water.  This  gravel  and  pebbles,  we  afterward  had  reason 
to  think,  had  an  important  inliiience  in  preventing  the  current  from 
deepening  the  waterway,  both  in  our  attempts  to  open  the  beach,  and 
in  the  natural  openings  which  have  heretofore  existed,  and  it  caused 
us  some  apprehension  from  the  outset  of  the  undertaking  as  soon  as  we 
discovered  it,  for  it  was  not  mentioned  in  the  former  reports. 

But  another  cause  of  the  failure  which  we  met  with  became  very 
obvious  toward  the  termination  of  our  work,  and  that  was  the  con- 
siderable greater  elevation  of  the  level  of  the  ocean  than  of  the  bay 
inside.  For  some  fourteen  days  of  simultaneous  observations,  generally 
in  the  day-tides,  which  favored  the  outflow,  we  found  that  the  mean 
level  outside  was  above  the  mean  level  inside,  and  that  the  mean  low- 
water  outside  was  above  the  low- water  inside.  The  inside  tide  did  not 
give  as  great  head  as  the  outside  tide,  nor  did  it  last  nearly  as  long. 
For  some  tides,  at  the  least  estimate,  there  would  have  been  four  times 
as  much  water  running  into  an  opening,  if  made,  as  would  have  run 
out. 

During  the  earlier  part  of  our  operations  observations  on  the  tides 
were  not  kept  by  us.  The  great  importance  of  the  tides,  however,  is 
well  illustrated  by  those  we  did  take  between  October  11  and  November 
0,  and  are  presented  on  the  next  four  pages.  They  show  the  fluctuating 
nature  of  these  tides  very  well. 

On  the  page  succeeding  these  is  given  the  average  tidal  curve  from 
Professor  Mitchell's  report,  and  along  with  it  the  average  of  the  day- 
tides  for  five  days,  being  for  the  day  when  the  ocean  broke  into  the 
opening  and  the  four  preceding  ones.  On  these  diagrams  the  vertical 
sides  of  the  small  squares  represent  two-tenths  of  a  foot,  and  the  hori- 
zontal sides  half  hours.  The  full  line  is  the  bay-tide,  the  broken  one 
the  ocean-tide. 

Working  away  with  the  greatest  diligence,  we  reached  such  a  stage 
that  we  could  open  the  beach  at  midnight  October  26  and  27.  We  bad 
now  gone  so  far  through  the  beach  that  only  a  temporary  barrier  could 
be  erected  against  a  storm.  All  day  on  the  26th  the  sea  was  calm  and 
the  weather  beautiful,  and  had  been  so  for  two  or  three  days  previous, 
the  barometer  remaining  high  and  stationary.  There  were  indications 
that  a  storm  was  brewing,  and  the  high  cirrus  clouds  took  a  northeast 
and  southwest  direction.  We  were  too  far  away  and  isolated  to  obtain 
any  information  from  the  signal-reports.  It  was  now  the  season  for 
northerly  winds,  as  shown  by  Professor  Coffin's  wind  diagrams,  in  hia  essay 
on  the  winds  of  the  northern  hemisphere,  (copied  at  end  of  this  chapter,) 
and,  judging  by  the  indications,  we  had  every  reason  to  hope  that  if  the 
storm  did  come  it  would  be  from  the  northeast,  which  would  favor  us 
with  a  large  tide.  The  period  of  very  highest  tides  predicted  in  the 
tide-table  was  on  the  7th  and  8th  of  October,  but  we  were  now  at  the 
next  period  of  high  cides,  as  shown  by  these  tables. 

During  the  26th  numbers  of  people  visited  the  scene  of  operations, 
and  I  had  a  chance  to  converse  with  the  most  experienced  of  those  who 
had  worked  upon  the  beach  at  other  places  to  open  the  fresh-water 
ponds.  None  of  them  professed  atiy  knowledge  that  would  have  altered 
what  had  been  done  at  the  site  8elect4;d.  Nearly  all  the  people  favored 
making  the  attempt  farther  to  the  east,  but  what  was  done  at  the  place 
selected  they  appeared  satisfied  with.    The  remarkable  smoothness  of 
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the  sea,  wbich  every  one  regarded  as  an  iinporjbant  element  of  success, 
vas  all  that  could  be  desired.  There  seemed  every  reason  to  ex|)ect 
that  now,  if  ever,  natare  would  **  respond  to  the  effort  of  the  engineer." 

As  the  day  declined  a  light  wind  which  was  blowing  from  the  east 
slowly  swung  found  toward  the  south,  and  after  sunset  gradually  in- 
creased, so  that  by  midnight,  when  we  expected  to  throw  down  our  bar- 
rier, and  let  the  high  tide  of  the  bay  out  into  the  ocean,  the  waves  were 
quite  high  under  the  influence  of  a  brisk  wind  from  a  point  a  little  west 
of  south.  The  most  unfavorable  bay-tide  accompanied  this  that  we  had 
yet  witnessed.  The  water  in  the  bay  did  not  at  any  time  exceed  1.1  feet 
above  the  level  outside,  and  the  time  it  was  above  only  amounted  to 
about  four  hours.  To  open  the  beach  at  such  a  time  was  folly,  so  I  di- 
rected it  to  be  strengthened  against  the  waves,  and  all  the  rest  of  the 
night  as  many  men  as  could  work  banked  up  the  sand  across  the  cut, 
and  interspersed  the  layers  of  sand  with  layers  of  eel-grass,  of  which  we 
had  secured  a  good  supply  beforehand.  By  sunrise  the  gale  had  in- 
creased to  one  of  great  fury,  and  lines  of  breakers  one  after  the  other 
extended  along  the  shores  in  front  of  the  whole  beach.  The  waves  rap- 
idly wore  away  the  outer  beach,  and  the  men  worked  as  if  their  lives 
depended  upon  it,  to  keep  the  ocean  out  of  the  cut.  In  this  they  suc- 
ceeded till  about  8  a.  m.,  at  wbich  time  the  level  outside  was  4  feet 
above  the  level  in  the  bay.  By  this  time  all  the  sand  convenient  to  use 
at  the  barrier  had  been  thrown  upon  it,  and  carried  away  by  the  waves. 
Human  power  could  no  longer  maintain  the  barrier,  and  I  directed  the 
men  to  abandon  further  effort.  They  barely  escaped  to  the  side  of  the 
cut  when  the  waves  leaped  the  barrier  and  swept  it  away  with  them. 
Such  a  rush  of  water  as  now  came  pouring  into  this  opening  looked  as 
if  it  must  inevitably  cut  away  the  beach  and  make  the  inlet  too  large  to 
close  again.  The  water  was  driven  before  the  tempest  intoii  cut  60  feet 
wide  and  mostly  8  to  10  feet  deep,  with  a  head  of  4  feet.  This  force  rap- 
idly widened  the  passage  to  about  140  feet,  mostly  by  undermining  the 
east  side.  The  current,  however,  could  not  carry  the  sand  out  of  the 
cut,  but  dropped  it  at  the  bottom.  The  wind,  as  it  changed  more  to  the 
-westward,  brought  more  and  more  sand  along  the  beach  and  into  the 
opening  on  the  west  side.  The  waves  also  undermined  the  east  side  by 
their  direct  impact.  The  filling  up  became  very  rapid  as  the  tide  began 
to  fall,  and  by  sunset  the  outside  beach,  that  is,  the  part  specially  formed 
by  the  waves,  was  again  continuous  across  the  opening.  It  was  observed 
<lnring  the  height  of  the  inflow  that  the  current  did  not  follow  our  arti- 
ficial channel  through  the  flats,  but  turned  to  the  eastward  along  the 
natural  waterway  and  onward  in  the  natural  channel  through  the  shoals. 
This  courae  was  clearly  marked  by  the  bubbles  which  formed  on  the 
water-surface  at  the  edges  of  the  cut  as  the  undermined  sand  fell  in. 
This  showed  conclusively  that  this  artificial  channel  through  the  shoal 
might  have  been  dispensed  with.  In  consequence  of  the  current  not 
loliowing  it,  it  was  not  filled  up  with  sand,  and  still  remains. 

I  was  very  dissatisfied  with  the  result,  but  I  had  followed  the  best 
light  I  could  get,  and  had  learned  some  things  that  could  be  learned  in 
no  other  way.  In  that,  as  an  engineer,  there  was  some  compensation. 
But  I  was  really  unhap])y  when  I  thought  what  a  loss  and  disappoint- 
ment it  was  to  the  people  of  Edgartown,  not  only  because  of  its  failure, 
but  on  account  of  its  natural  discouragement  to  future  efforts.  I  had 
been  personally  on  the  ground  almost  a  month.  Other  duties  compelled 
me  to  leave,  and  they  have  also  delayed  this  report.  Mr.  Van  Ingen 
remained  behind  to  try  again  on  the  next  time  of  high-tides. 

At  about  noon  on  October  31,  Mr.  Van  Ingen  began  at  the  cut,  with 
forty  men  and  six  teams,  to  dig  a  narrow  trench,  10  feet  wide  and  3  feet 
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deep  at  high- water,  sufficient  to  set  the  water  flowing,  but  a  storm  filled 
it  up. 

Again,  on  the  6th  of  November,  he  made  at  the  cut  a  channel  G  feet 
wide  and  3J  feet  deep  at  high-water.  This  he  kept  open  during  two 
outflowing  tides,  the  second  one  giving  him  a  head  of  2.7  feet.  The 
gravel  at  the  ocean  end  defeated  all  attempts  to  deepen  it  there,  although 
he  had  men  shoveling  all  they  conl<l.  A  southeast  storm  closed  it  all 
up  again. 

These  operations  by  Mr.  Van  Ingen  to  effect  an  opening  with  the 
outward  current  show  that  there  is  little  chance  of  success  in  the  method 
of  merely  making  an  opening  suflicient  to  cause  the  water  to  flow,  even 
when  aiding  the  operations  of  nature  afterward  by  all  the  stirring  and 
digging  practicable,  unless,  as  he  says,  *' there  should  be  several  days 
of  smooth  sea  in  addition  to  a  fair  head  of  water."  Even  then  it  is  so 
uncertain  that  I  think  there  is  no  practical  reliance  to  be  placed  upon 
such  plan. 

I  will  conclude  this  narration  of  our  operations  with  some  general 
meteorological  considerations  which  bear  upon  the  subject,  and  which 
have  been  deferred  till  this  place  in  the  report  because  they  have  not 
been  made  controlling  features  of  the  work  on  account  of  their  uncer- 
tainty, although  of  vital  importance  to  success.  It  is  well  known  that 
our  periodical  meteorological  phenomena  are  subject  to  very  wide  limits 
of  variation.  The  changes  between  summer  and  winter;  although  on 
the  average  gradual,  are  frequently  affected  by  days  in  close  proximity 
in  which  the  ranges  of  temperatnre  vary  greatly  in  both  directions  on 
the  thermometric  scale  from  the  mean-months— ^are  exceptionally  cold 
or  exceptionally  warm ;  and  the  same  is  true  for  whole  seasons. 

Professor  Mitchell,  in  predicting  the  time  of  tide  for  opening  the 
beach,  also  states,  as  already  quoted — 

Tliere  Trill  also  be  a  decided  advantage  in  selecting  a  period  of  strong  winds  from 
north  to  east,  but  winds  from  the  opposite  quadrant  will  prove  very  unfavorable. 

The  best  authoiity  I  can  find  for  determining  the  season  of  the  year 
when  winds  from  the  favorable  quadrant  are  likely 
to  prevail  is  Professor  Coffin's  "Winds  of  the  Xorth- 
ern  Hemisphere,"  in  the  sixth  volume  of  the**  Smith- 
sonian Contributions  to  Knowledge."    From  this  is 
taken  the  annexed  diagram,  on  which  the  shading  at 
the  different  points  of  the  compass  are  proportional 
to  the  time  during  which  the  winds  prevailed  from 
those  points  during  a  period  of  four  years'  observa- 
tions at  Nantucket. 
From  this  same  work  (Plate  XI)  is  taken  the  following  diagram, 
which  shows  the  deflections  of  the  wind  fiom 
its  mean  annual  course  in  the  different  months 
of  the  year,  the  relative  amounts  of  the  force 
being  shown  by  the  length  of  the  arrow,  ex- 
clusive of  the  head. 

The  first  of  these  diagrams  shows  that  the 
mean  of  all  the  forces  of  the  wind,  or  their 
resultant,  is  a  west  wind,  and  the  second  dia- 
gram shows  that  all  the  winds  from  thefavora- 
ble  quadrant  referred  to  by  Professor  Mitchell 
are  betw^een  September  and  November,  in- 
clusive, in  the  autumn,  and  in  March  in  the 
spring.    From  these  we  conclude,  as  far  as  we  can  conclude  anything 
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from  them,  that  our  work  was  carried  on  so  as  to  make  the  opening  at 
the  times  when  winds  from  the  favorable  quarter  were  most  to  be  ex- 
pected. 

As  before  stated,  our  isolated  position  cut  us  off  from  receiving  the 
often  useful  warnings  of  the  Signal-Bureau  of  the  War  Department. 

I  have  since  obtained  through  the  courtesy  of  General  My^rs,  United 
States  Arm^',  Chief  Signal-Officer,  copies  of  the  weather-maps  from  mid- 
night Saturday  until  midnight  of  Monday,  extracts  from  which  I  give 
below.  It  will  be  seen  from  them  that  if  1  had  been  in  telegrapliic 
communication,  the  predictions  would  not  have  altered  my  arrange- 
ments. At  7.35  ».  m.  of  Saturday,  the  25th  of  October,  there  was  no 
storm-center  reported.  At  4.35  p.  m.  it  was  predicted  that  the  area 
of  low  barometer  in  Kansas  wouhl  develop  into  a  storm-center,  moving 
northeastward  on  Sunday,  but — 

For  the  Middle  Atlantio  States  and  New  England,  winds  \)ack  to  northeast,  with 
continued  high  barometer  and  clear,  warm  weather. 

This  is  apparently  a  favorable  indication  for  Sunday  night  in  regard 
to  high  tides.  The  prediction  itself  was  true  as  to  the  weather.  On 
Sunday,  October  26, 1  a.  m. — 

A  storm  will  continue  to  develop  in  the  Lower  Missouri  Valley,  moving  northward 
over  the  upper  lakes,  preceded  by  northwesterly  winds,  and  snow  during  Sunday. 

At  7.35  a.  m.  Sunday  the  storm-center  had  moved  northward  into 
Wisconsin — 

And  will  probably  move  northeastward  over  Upper  Michigan.  For  New  England 
and  Middle  Atlantic  States,  "southeasterly  winds. 

Sunday,  4.35  p.  m. — 

The  storm  on  Lake  Huron  wUl  probably  move  northeastward.  For  New  England, 
easterly  winds. 

Monday,  October  27, 1  a.  m. — 

An  area  of  low  barometer  that  was  Saturday  night  in  Missouri  and  Kansas  has 
moved  northeastward  over  Lake  Huron,  and  has  very  rapidly  developed  into  an  ex- 
tended disturbance.  *  *  For  the  Middle  and  Eastern  States,  brisk  and  possibly  high 
southeast  and  southwest  winds. 

This  information  on  Monday  morning  would  not  have  been  in  advance 
of  our  actual  experience.  In  fact  there  was  none  of  it  that,  if  received  at 
tbe  time  made,  wouUl  have  warned  us  against  probable  adverse  conditions 
until  it  was  too  late.  At  7.35  a.  m.  the  storm-center  was  still  near  Lake 
Erie,  but  by  4.35  p.  m.  it  was  central  just  north  of  Portland,  Me.  From 
tbe  positions  of  the  center  of  the  storm,  as  located  on  the  last  two  charts 
referred  to,  it  must  have  moved  nearly  at  the  rate  of  forty-five  miles  per 
Lour  in  the  intervening  time. 

The  weather-charts  show  a  velocity  of  the  wind  at  7.35  a.  m.,  October 
27,  of  twenty-eight  miles  an  hour,  but  I  should  think  it  exceeded  this  at 
J£clgartown,  and  continued  as  violent  throughout  the  day. 

General  Myers  has  also  .sent  me  the  chart  showing  the  course  of  the 
different  storm-centers  during  the  whole  of  October.  The  most  favor- 
able one  for  high-tides  was  on  the  6th,  7th,  and  8th  of  the  mouth,  but 
its  course  was  out  at  sea,  and  could  not  be  predicted.  No  other  favor- 
able one  occurred  during  the  month.  On  account  of  the  injurious  effect 
of  the  waves  in  storms,  I  believe  it  is  better  to  have  a  period  of  calm 
tban  even  a  northeast  wind.  But  even  calm  weather,  as  far  as  we  are 
able  to  determine  it  pn  land,  will  not  insure  us  quiet  seas,  for  it 
irequently  occurs  that  the  most  violent  waves  roll  in  upon  our  shores 
tbe  effect  of  storms  far  out  at  sea,  of  which  we  have  no  warning. 
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Without  going  farther  in  this  report,  the  reader  can  form  his  own 
opinion  as  to  whether  the  failure  to  accomplish  the  result  desired  was 
due  to  unfavorable  conditions  which  we  might  reasonably  expect  to 
escape  from  in  another  trial.  For  my  own  part,  I  regard  success  in  the 
way  proposed  so  uncertain  that  no  effort  should  be  spared  to  increase 
it  by  study  of  the  conditions  involved  and  in  search  for  a  more  promis- 
ing project.    This  naturally  leads  us  to  the  following  chapters. 

CHAPTER  XXL 

PRESENTATION  OF  THE  PHYSICAL  FEATURES  AND  FORCES  CONCERNED 
IN  THE  FORMATION  OF  COT  AMY  BEACH,  AND  IN  MAKING  ANDCLOSINa 
OPENINGS  THROUGH  IT,  WITH  A  NEW  PROJECT  FOR  MAKING  AN 
OPENING. 

X  have  arrived  at  a  point  in  this  report  where  we  must  consider  what 
to  do  in  the  future  prosecution  of  the  work.  My  views  are  now  materi- 
ally different  from  those  on  which  the  former  project  was  based,  and  are 
derived  from  knowledge  gained  by  recent  experience,  added  to  that 
before  obtained  from  others.  .  For  the  purpose,  therefore,  of  having  in 
one  place  all  tbe  facts  in  regard  to  the  formation  of  the  beach  which  I 
possess,  X  will  give  a  connected  description  of  the  physical  features  as 
they  appear  to  me. 

THE  BEACH. 

The  situation  of  Martha's  Vineyard  Xsland  exposes  its  southern  side 
to  the  full  force  of  the  ocean  wavea.  The  prevailing  direction  of  these 
is  such  that  the  materials  which  compose  the  margin  of  the  beach  are 
swept  along  the  shore  from  west  to  east,  although  there  are  times  (of 
variable  period)  when  the  movement  is  in  the  opposite  direction. 

Reliable  observation  has  determined  that  the  beach-material  is  de- 
rived from  the  cliffs  at  the  west  end  of  this  island,  which  are  being 
undermined  by  the'  waves  in  storms.  The  way  in  which  the  waves 
cut  to  waste  away  a  shore  and  move  the  material  along  it  in  their  pre- 
vailing direction  has  been  frequently  described,  and  may  be  assumed 
here  as  a  part  of  common  knowledge.  On  reaching  headlands,  this 
material  is  dropped  on  the  sheltered  side,  and  if  the  current  past  these 
points  is  strong  enough,  the  material  is  washed  away.  Frequently  only 
"  spits  "  are  formed,  tailings  of  the  deposit  of  the  shore-drift,  merely 
indicating  the  prevailing  direction  of  the  movement.  When  the  wave- 
force  is  powerful,  these  deposits  may  extend  entirely  across  the  indenta- 
tions of  the  shore,  inclosing  the  space  between  the  head-lands  and  caus- 
ing fresh-water  ponds  to  form  inside  of  them.  Some  of  these  ponds 
periodically  rise  so  high  as  to  burst  the  barrier,  and  sometimes  this 
operation  is  aided  artificially,  thus  draining  the  interior  and  restoring  a 
connection  with  the  ocean  for  a  while.  The  artificial  openings  that 
have  been  successful  have,  so  far  as  I  know,  been  confined  to  these 
fresh- water  ponds.  Sometimes,  when  the  inclosed  area  is  large  and  the 
rise  of  the  tide  considerable,  an  inlet  is  maintained  by  the  ebb  and  flood, 
as  at  Port  Jefferson  Harbor  and  Fire  Island  Inlet,  on  Long  Xsland,  New- 
York.  In  rare  cases,  like  Ootamy  Bay,  we  have  seen  the  inlet  direct  from 
the  ocean  maintained  for  an  unknown  period  of  the  past  by  the  tidal 
circulation,  finally  closed  up,  and  being  at  the  same  time  connected  by 
another  inlet  with  Nantucket  Sound,  it  cannot  become  a  fresh-water 
lake  and  rise  to  a  level  sufficient  to  burst  the  barrier. 

Thus  it  is  now  at  the  south  side  of  Martha's  Vineyard.    The  drift  of 
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tho  material  firom  the  waste  of  the  cliffs  on  the  west  end  of  the  island 
has,  in  its  eastward  motion,  closed  the  space  between  all  the  head-lands 
with  a  continaons  beach  till  reaching  the  Muskeget  Channel.  It  there 
meeta  with  a  powerful  current,  by  which  the  sand  is  swept  partly  into 
Nantucket  Sound  and  partly  out  to  the  ocean,  forming  extensive  shoals 
in  these  waters. 

The  people  in  this  vicinity  call  that  part  of  the  beach  which  is  built 
by  the  sand  blown  by  the  wind  and  arrested  by  the  plants  ^^  the  true 
heach^^  and  the  part  lying  just  seaward,  built  up  by  the  waves  alone, 
and  washed  by  them,  "  the  false  heachP  They  use  the  words  "  true  " 
and  <^  false  "in  the  sense  of  ^'permanent"  and  ^'changeable,''  because 
the  first  undergoes  but  slow  alterations,  while  the  other  changes  with 
every  change  of  wind,  generally,  throughout  most  of  its  extent,  increas- 
ing with  easterly  winds  and  decreasing  with  westerly  winds.  More  cor- 
rectly speaking,  the  changing  beach  is  the  real  beach,  and  the  other  a 
done  formed  from  it.  It  is  necessary,  in  considering  the  nature  of  this 
** littoral  cordon,"  to  distinguish  between  these  two  parts  of  it;  but  as 
it  is  generally  the  custom,  in  speaking  of  Ootamy  Beach,  to  regard  the 
word  '^ beach"  as  meaning  the  whole  of  it,  I  shall  preserve  that  signifi- 
cation for  the  word  and  designate  the  other  parts  by  prefixing  qualify- 
ing words  relating  to  their  different  formation. 

There  is  a  limit  to  the  height  of  the  beach  formed  by  the  waves,  but 
where  this  is  aided  by  the  winds  and  plants  take  root,  there  is  hardly 
any  limit  to  the  height  that  may  be  attained  by  the  accumulated  sand 
arrested  by  the  plants.  The  comparatively  little  height  attained  by  the 
dane  portion  of  the  Cotamy  Beach  attests  what  the  surveys  show — ^that 
it  has,  in  recent  times,  been  much  undermine  by  the  waves  on  the 
ocean  side.  Wherever  a  beach  like  this  attains  permanency,  not  only 
does  its  height  become  great,  but  marshes  form  along  the  margin  in  the 
inclosed  bay.  The  remains  of  such  marsh,  now  buried  under  the  dune, 
or  showing  an  edge  exposed  to  the  ocean  waves,  indicate  a  former  period 
of  quietude'along  this  beach  which  it  has  not  had  for  many  years. 

Annexed  is  a  profile  (horizontal  scale  one-fourth  of  vertical  scale) 
through  the  beach,  taken  at  the  place  where  our  excavation  was  made. 
This  is  at  one  of  the  narrowest  places,  but  the  height  is  as  great  as  it  is 
anywhere.    Beginning  on  the  ocean  side,  there  is — 

1.  The  belt  of  pebbles  and  gravel  just  below  low- water  level.  Its  ex- 
act extent  we  do  not  know,  but  it  is  probably  as  much  as  (>  feet  deep. 

2.  We  have  the  wave-formed  beach,  shown  by  the  inclined  shading 
lines,  and  these  lines  indicate  a  kind  of  stratification  wKch  it  has  in  this 
direction.  Its  width  is  very  variable:  its  height  gives  about  7  feet 
above  ordinary  high- water,  being,  the  limit  to  which  the  storm-waves 
east  up  the  sand;  the  breakers  outside  prevent  the  waves  reaching 
very  great  heights. 

3.  We  have  the  wind-formed  beach  rising  5  to  6  feet  above  the  level 
of  the  wave-formed  beach.  It  is  nearly  horizontally  stratified.  Under 
its  highest  part  we  found,  buried  up,  a  former  salt-marsh,  which  must 
have  grown,  in  a  period  of  repose,  at  the  inner  margin  of  the  beach. 
Men  now  living  remember  when  it  formed  the  inner  margin  of  the 
beach.  Underneath  this  marshsod,  from  3  to  5  feet  below  low-water, 
there  is  a  layer  of  clam-shells,  mostly  such  as  are  now  living  inside  the 
bay,  near  the  same  level,  but  which,  inside,  now  live  also  even  above 
low- water  level.  These  shells  under  the  marsh-sod,  mostly  the  Mycundaej 
fully  grown,  are  in  the  position  in  which  they  lived,  and  must  then,  of 
course,  have  had  free  communication  with  the  water  of  the  bay.  The 
marsh-8od  seems  now  at  the  level  at  which  it  grew. 


Digitized  by  LjOOQ  IC 


204 


REPORT    OF   THE   CHIEF   OF   ENGINEERS. 


This 


1 


'^         S 


§ 


^    t 


c 


M  .1 


.  c 

as  '3 


section  may  be  taken  as  representing  the  general  form  of  the 
beach.  In  some  places  it  is  much  wider, 
reaching  a  width  as  great  as  830  feet.  At 
both  tbe  east  and  west  ends  of  the  bay  the 
wind  forn>ed  beach  is  of  a  less  height,  not 
more  than  a  foot  or  two  above  the  part 
washed  by  the  storm-waves,  and  here  the 
beach-grass  has  not  become  well  established. 
I  do  not  think  that  the  permanence  of  the 
beach  depends  to  any  great  extent  upon  the 
l^art  taken  by  the  winds  and  plantvS. 

The  expressions  "  increasing  waste''  and 

'^beatiMi  back,"  applied  to  this  beach,  do 

not  convey  my  idea  of  the  operations  going 

on,  and  furnish  us  no  ground  upon  which  to 

reason  as  to  theeft'ect  of  changing  conditions. 

;^  «  The  idea  of  being  swept  along  the  shore  is 

c  2  consistent  with  wasting,  but  not  with  "beaten 

"^     back;"  but  unceasing  waste  is  inconsistent 

with  the  existence  of  the  beach  itself. 

^  ^_      The  waste  along  the  south  shore  of  Mar- 

§^f  tha's  Vineyard,  in  one  sense,  is  confined  to 

Sag  the  high  cliff's  near  the  western  part,  at  the 

'Sf -p  Nashaquitsa  clifl's  and  Gay  Head,  and  is 

|oJ  there  intermittent,  mainly  taking  place  in 

"^"v.io  storms.    As  this  wasted  material  is  moved 

J  ll  eastward  by  the  waves,  it  forms  the  beaches 

^2^  across  the  bays,  converting  all  but  Gotamy 

§  i:ff4&;  Bay  (with  its  northern  outlet)  into  ponds. 

It  seems  evident  that  if  this  waste  mate- 
rial at  these  bluffs  was  furnished  as  fast  as 
the  waves  could  move  it  eastward,  each  part 
of  the  beach  would  be  supplied  with  m^^te- 
rial  nearly  if  not  quite  as  favst  as  it  was 
worn  away,  and  a  considerable  degree  of 
permanency  would  be  given  to  the  beach. 
If,  on  the  other  band,  there  should  be  a 
lack  of  material  furnished,  the  wear  upon 
the  beach  already  formed  would  begin,  and, 
I -3;^  its  waste  not  being  replaced,  a  recession  ot 
0%%  ^^®  beach  would  follow.  The  water-formed 
o  ^i  beach  w^ould  at  times  all  disappear,  and  the 
*^*^  ©  waves  would  then  uudenniue  the  wind- 
formed  beach  behind  it.  This  high  beach 
has  its  crest  next  to  the  waves,  and  at  its 
present  height,  about  12  feet  above  high- 
water,  a  recession  of  100  feet  would  in  many 
places  bring  it  down  below  the  level  of  the 
extreme  tides.  At  such  a  time,  with  favor- 
ing tides,  a  natural  opening  might  be  formed. 
At  first  glance  one  would  be  inclined  to  say 
that  the  wearing  away  of  the  beach  at 
Gotamy  was  a  consequence  of  the  gradual 
wearing  away  of  the  whole  south  shore  of 
Martha's  Vineyard;  but,  if  my  reasoning  be 
correct,  a  diminution  of  the  wearing  away 
at  the  cliffs  which  supply  the  juaterial,  or 
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a  less  amount  of  sand  furnished  by  them,  would  be  the  cause  of  the 
increasing  waste  at  Cotamy  Beach.  Nothing  seems  more  probable  than 
that  the  rate  of  wear  of  the  western  cliifs  must  have  been  irregular, 
both  in  extent  and  in  the  quality  of  the  material,  so  that  in  this  alone 
we  have  probable  source  of  change  enough  to  cause  Cotamy  Beach  at 
one  time  to  disappear  and  leave  Cotamy  Bay  open  to  the  sea,  and  at 
another  time  closed  by  a  beach,  as  now,  with  the  intermediate  condition 
of  an  inlet.  The  evidence  of  the  first  condition  Professor  Mitchell  gives, 
by  referring  the  effect  of  the  action  of  the  ocean  waves  at  points  in  the 
bay  where  they  could  not  now  reach,  and  could  not  have  reached  at 
any  time  since  it  was  known  to  Europeans. 

it  18  not  improbable  that  there  is  less  erosion  now  than  formerly  at 
the  Nashaquitsa  cliffs,  as  they  have  receded  behind  the  partial  protec- 
tion of  Squipnocket  Point. 

A  diminution  of  the  waste  at  these  cliffs,  according  to  my  idea,  in- 
volves an  increasing  waste  at  the  beach  in  front  of  Cotamy  Bay;  vice 
versd^  a  large  supi)ly  of  waste  material  from  the  cliffs  implies  a  period 
of  rest  or  even  of  accretion  at  this  beach.  We  have,  largely,  conclu- 
sive evidence  of  such  former  period  of  repose  in  the  remains  of  the  salt- 
marsh  which  we  dug  into  near  the  outer  edge  of  the  beach.  This  mirsh 
is  now  entirely  covered  with  dune-sand,  but  it  must  have  been  formed 
on  the  inside  margin  of  the  beach,  beyond  the  reach  of  this  drifting 
sand,  and  a  considerable  period  must  have  been  required  for  it  to  grow  ; 
entirely  inconsistent  with  such  rapid  changes  as  mc  have  seen  in  the 
last  twenty-five  years.  This  marsh  was  about  the  mean  level  of  the 
bay,  and  about  1  foot  thick.  Underneath  it  was  the  usual  layer  of 
shells  of  the  species  now  found  in  the  bay.  The  beach  must  have  re- 
mained nearly  stationary  while  this  salt-marsh  sod  was  forming  on  the 
bay  side.  At  present  there  is  no  such  marsh  to  be  seen  in  Cotamy 
Bay. 

Mr.  Wm.  n.  King,  a  resident  of  Edgartown,  employed  by  me,  says 
of  this  former  marsh  :  "  It  was  formerly  about  a  mile  long  and  30  rods 
wide  in  some  parts,  and  in  others  not  moie  than  10  roils.  On  the  lowest 
parts  the  tide  ebbed  and  flowed.  On  it  sedge,  salt,  and  black  grass 
grew.  It  began  to  be  covered  with  sand  about  fifty-five  years  ago,  and 
it  finally  disappeared  beneath  the  beach  about  twen'ty-tiveyears  ago.  It 
Las  been  known  at  least  as  far  back  as  seventy-five  years. 

This  effect  upon  the  beach  at  Cotamy,  arising  from  changing  conditions 
of  the  receding  cliffs  to  the  westward,  must  have  been  gradual,  and 
operate  over  considerable  periods  of  time,  such  as  I  have  associated  with 
the  growth  of  marshes  inside  the  bay. 

The  changes  at  Cotamy  Beach,  therefore,  I  attribute  alone  to  the 
transporting  power  of  the  waves  along  the  shore.  If  more  material  is 
brought,  under  varying  circumstances,  than  can  be  carried  away,  the 
beach  grows  and  remains  permanent.  If  the  supply  is  less  than  the 
waste,  there  is  a  recession.  In  either  case,  a  rapid  transportation  of 
beach-material  across  an  inlet  might  close  it,  and  even  opposing  winds 
might  unite  to  produce  this  effect.  It  is  important  to  recognize  this,  in 
order  to  realize  the  great  power  that  is  at  work  to  close  an  outlet  after 
it  has  been  artificially  formed.  All  the  material  of  the  beach  in  its 
changing  conditions  must  pass  the  opening,  and  judged  by  ordinary 
measurement  it  is  truly  enoruious.  The  waves  do  not  beat  back,  they 
ran  along  the  margin  and  cairy  away. 

While  I  regard  the  variations  in  the  amount  of  recession  of  the  Xash- 
aqnitsa  cliffs  and  in  the  quality  of  the  material  they  afford  for  making 
beaches  as  most  important,  there  are,  besides^  meteorological  conditions 
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'which  may  operate  more  or  less  effoctaally  for  one  season,  or  even  for 
several  seasons,  such  as  the  greater  or  less  prevalence  of  strong  south- 
erly winds  over  northerly  winds.  These  variations  I  believe  to  be  of 
very  great  importance  in  the  formation  of  the  beach.  It  is  generally 
thought  that  strong  southerly  winds  cause  the  waves  to  wear  away  the 
beach,  bat  that  mild  southerly  winds  and  northerly  winds  in  general, 
when  not  producing  heavy  waves  on  the  shore,  cause  an  increase  of  the 
^^  false  hedchP  We  can  see  from  this  that  a  long  continuance  of  heavy 
southerly  winds  might  not  only  remove  the  ^^  false  heach^^  but  undermine 
the  wind-formeil  portions,  until  what  remained  would  be  lower  than  the 
part  formed  by  the  waves.  If  this  wind  was  westerly,  no  opening  would 
form  under  such  conditions,  for  the  waves  would  constantly  bring  a  sap- 
ply  of  sand  from  the  west  and  keep  the  wave-formed  beach  up  to  it« 
full  elevation.  The  contrary  result  might  happen  with  an  easterly 
wind,  for  then  the  eastern  portion  of  the  beach  could  derive  no  supply 
of  material  from  the  Muskeget  Channel  to  take  the  place  of  that  moved 
away.  Whenever  the  undermining  with  a  southeasterly  gale  had  gone 
far  enough  to  bring  the  beach  below  the  level  of  the  tides,  there  would 
be  a  minimum  supply  of  material  to  restore  the  waste.  At  such  times, 
too,  the  most  rapid  and  highest  rise  of  the  tides  would  occur,  and  the 
ocean  have  the  best  opportunity  to  force  its  way  inward.  This  view 
accords  with  the  fact  that  all  former  openings  have  been  near  the  mid- 
dle of  the  Cotamy  Beach,  or  east  of  the  middle  part 

Until  some  such  wearing  away  occurs,  it  is  not  conceivable  how  any 
storm  could  break  the  barrier.  Such  a  condition  of  things,  however, 
must  be  of  rare  occurrence.  The  storm  of  November  13, 1871,  (to  ascer- 
tain the  effect  of  which  was  one  of  the  objects  of  the  survey  made  under 
General  Thorn)  was  a  very  remarkable  one.  The  wind  was  from  the 
east,  and  the  tide  rose  suddenly  and  very  high,  but  it  left  no  effect  here. 
No  recorded  ocean  or  bay  tide  could  overcome  the  beach  as  it  now  is. 

There  are  minor  peculiarities  found  on  the  beach  itself,  as  it  is  worn 
away,  which  give  a  different  rate  of  recession  to  different  parts.  Where 
it  is  composed  of  material  thrown  up  by  the  waves  it  is  nearly  all  sand, 
and  generally  homogeneous;  but,  as  we  have  seen,  thf^  recession  has 
gone  so  far  that  marsh-sod  formed  in  the  bay  is  now  found  iu  places 
projecting  against  the  ocean- waves.  This  would  give  a  different  local 
rate  of  subsequent  change.  The  waves,  too,  probably  act  somewhat 
unequally,  owing  to  differences  in  depth  iu  front  of  the  beach.  These 
irregularities  exist  on  the  outlines  of  the  beach,  producing  points  and 
hollows,  and  these,  too,  somewhat  further  modify  the  wave  action. 

This  endeavor  to  understand  the  forces  operating  to  form  and  remove 
the  beach  seem  to  me  called  for,  and  the  inferences  drawn  seem  to  be 
entirely  in  accordance  with  known  facts. 

Imperfect  as  the  state  of  our  knowledge  thus  derived  may  be,  it  is  all 
we  have.  No  human  eye  witnessed  the  former  openings  and  closings  of 
the  beach,  nor  noted  and  recorded  the  changes  that  preceded,  accom- 
panied, and  followed  them.  That  there  was  evidence  of  great  wasting 
away  of  the  beach  at  its  eastern  part  in  1856,  when  Professor  Whiting 
made  his  survey,  after  the  new  opening  formed,  seems  to  be  affirmed  by 
him  in  his  report,  page  117,  annual  report  United  States  Coast  Survey 
for  1856.    He  says : 

This  action  of  the  sea  indicates  a  gradual  wearing  awav  of  the  southern  shore  of  the 
island,  and  I  think 'in  this  particniar  locality  the  beach  may  eventually  be  entirely 
swept  away  or  washed-in  upon  either  shore,  leaving  the  bay  between  the  Vineyard 
and  Chappaquiddick  an  open  chop.  •  »  •  • 

A  heavy  gale,  with  heavy  and  continued  breakers,  may  throw  np  another  beach  and 
close  this  new  opening,  l>ut  I  think  the  indications  point  to  its  being  finally  swept 
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This  is  a  conditioD  of  things  which  may  naturally  occur  a^ain,  and 
form  a  new  opening.  But  not  only  must  there  be  a  great  wearing  away 
of  the  beach,  but  a  very  favorable  combination  of  the  tides.  A  south- 
east gale  at  the  period  of  greatest  high-tides,  might  raise  the  level 
oatside  of  the  beach,  so  as  to  overtop  it  in  a  worn  condition,  at  a  time 
when  Cotamy  Bay  was  5  or  6  feet  lower.  Then  a  rush  of  a  broad  she^t 
of  water  across  the  low  narrow  beach  would  sweep  much  of  it  into  the 
bay,  and  the  succeeding  high-tide  in  the  bay  might  complete  the  work 
by  its  outward  flow.  Mr.  Fisher,  a  well-known  resident  of  the  locality, 
informed  me  that  these  were  the  circumstances  attending  the  formation 
of  the  last  opening.  He  says  the  break  in  the  beach  was  made  by  the 
incoming  tide  from  the  ocean,  and  not  from  the  bay  outward,  as  is  gen- 
erally supposed.  Professor  Wbiting  also  confirms  this  idea  of  the 
formation  of  the  opening,  for  he  says,  '^  the  beach  on  either  side  of  it 
has  been  beaten  in  a  thousand  feet."  I  would  suggest  stceptin  rather 
than  heaten-in.  This  action  requires  a  deep  space  in  the  bay  behind  the 
beach  to  receive  the  sand.  This  erroneoqs  idea  of  the  opening  being 
from  the  bay  outward  has  grown  up  from  the  fact  that  the  breaches 
through  beaches  made  at  the  ponds  have  all  been  outward.  But,  as  said 
before,  there  is  no  analogy  between  the  two  cases,  the  ponds  having  a 
head  of  8  to  10  feet  sometimes,  and  this  entirely  independent  of  the 
tides,  so  that  the  current  was  not  intermittent. 

If  my  conclusions  are  correct,  it  would  seem  that  to  pursue  the 
course  of  nature  in  making  an  opening  we  should  not  attempt  a  narrow 
cat  through  the  beach  at  some  arbitrary  point  We  should  take  that 
part  of  the  beach  where  natural  openings  have  formerly  existed,  and 
there  remove  the  sand  over  as  broad  a  spaoe  as  possible,  leaving  a  nat- 
ural bulk-head  between  our  excavation  and  the  waves,  and  let  the  latter 
destroy  this  bulk-head  at  the  time  this  natural  action  would  effect  it,  for 
at  such  times  the  conditions  of  wash  would  be  most  favorable  to  the 
opening. 

We  are,  however,  prevented  from  doing  this  by  the  great  width  of 
opening  that  we  should  have  to  initiate;  the  new  opening,  at  the  time 
Professor  Whiting  saw  it,  being  1,400  feet  wide.  I  have,  in  a  previous 
part  of  this  report,  discussed  the  width  of  a  natural  opening,  when  di- 
rectly opposed  to  the  ocean,  which  seems  from  past  observation  to  have 
required  2,000  feet.  A  narrower  width,  500  feet,  was  sufficient  for  the 
period  when  the  opening  was  presented  to  the  Muskeget  Channel,  and 
the  beach  formed  the  side  next  the  ocean.  This  was  the  most  favorable 
position  for  the  opening,  as  far  as  the  ordinary  waves  were  concerned, 
and  the  strong  current  of  the  channel  prevented  any  bar  forming  at  its 
mouth.  It  was  probably  filled  by  the  protecting  beach  itself  being 
washed  into  it  by  the  storm-waves  at  a  period  of  no  current,  which  re- 
curs at  every  change  of  level  between  the  two  sides  of  the  beach.  Had 
this  outer  beach  been  properly  revetted  so  as  to  prevent  the  sea  wash- 
ing it  away  and  into  the  narrow  channel,  I  think  the  opening  thus 
presented  to  the  Muskeget  Channel  would  have  remained  open. 

DEFINITE  PLAN  PROPOSEI). 

All  things  considered,  I  believe  the  only  practicable  place  for  an  arti- 
ficial opening  is  at  the  east  end  of  the  bay,  between  the  beach  and  the 
fast-land  of  Chappaquiddick,  so  as  to  connect  direct  with  the  Muskeget 
Channel,  and  that  we  should  endeavor  to  restore  the  conditions  which 
existed  when  the  opening  was  at  this  point  and  had  a  width  of  500 
feet.    To  prevent  this  being  filled  up  we  must  protect  the  outer  beach 
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by  rip-rap,  and  by  all  the  appliances,  such  as  fences,  brush,  &c.,  that 
will  aid  in  arresting  the  sand  blown  by  the  wind,  and  build  the  beach 
up  above  the  power  of  storm- waves. 

The  swift  current  of  Muskeget  Channel  will  prevent  the  sand  lodging 
so  as  to  fill  this  opening  up.  If  we  can  secure  permanence  to  the  beach 
forming  its  outer  chop,  the  waves  here  will  have  less  power  than  when 
exposed  direct  to  the. ocean;  they  will  not,  therefore,  act  so  powerfully 
to  throw  sand  into  the  opening,  and  they  will  not  so  often  form  impassa- 
ble breakers  at  the  entrance,  rendering  it  useless  to  boatmen  in  heavy 
storms,  as  any  direct  outlet  to  the  ocean  would. 

The  opening,  too,  at  this  point,  leads  directly  to  the  place  that  pilots 
and  fishermen  desire  to  go.  It  is  designed  to  bo  permanent,  and  the  cost 
of  executing  is  not  to  be  repented. 

The  plan  under  which  I  have  operated  has  the  following  objections: 

In  the  view  of  the  fact  that  the  opening,  when  formed,  would  move  east- 
ward and  close  again,  it  was  located  at  the  western  side  of  the  bay, 
where  the  difficulties  of  making  the  opening  were  the  greatest.  It  was 
believed  to  be  easy  and  cheap,  but  it  is  not,  and  a  repetition  of  the  op- 
eration, if  once  successful,  should  be  avoided.  An  unsolved  feature  of 
that  plan  is,  how  to  construct  a  bulk-head  aeross  the  opening  that  will 
withstand  unfavorable  storms,  and  be  readily  thrown  down  artificially 
when  thought  desirable.  This  opening  could  not  have  been  used  by 
the  boats  in  storms  on  account  of  breakers. 

The  tidal  circulation,  in  its  influence  upon  Edgartown  Harbor,  is  be- 
lieved to  be  the  same  in  both  cases ;  but  I  have  reserved  a  discussion 
of  thiseflTect  until  I  come  to  consider  the  importance  of  the  work  itself. 

The  work  to  be  done  to  carry  out  the  plan  I  propose  would  be  to  con- 
struct a  breakwater  of  heaviest  granite  blocks  on  the  south  side  of  the 
proposed  opening,  and  at  right  angles  to  the  current  of  Muskeget  Chan- 
nel ;  the  outer  end  of  this  breakwater  to  bo  on  line  with  the  trend  of 
the  east  shore  of  Chappaquiddick  Island,  in  about  6  feet  of  water;  the 
shore-end  to  be  firmly  anchored  in  the  beach,  and  the  beach  protected  by 
short  granite  jetties  about  50  feet  in  length  and  about  50  feet  apart,  and 
united  at  the  shore-ends  by  a  continuous  line  of  riprap.  Lines  of  fence 
are  to  be  built,  or  rows  of  dead  cedar  trees  set  out  to  act  as  sand-catch- 
ers on  the  beach,  and  thus  cause  it  to  augment  more  rapidly. 

I  believe  the  whole  width  of  channel  needed  will  have  to  be  dredged 
out,  and  possibly  may  amount  to  500  feet.  I  have,  however,  limited  the 
estimate  to  a  width  of  300  feet,  and  depth  of  4  feet  at  mean  low-water, 
which  will  be  about  one  half  tlie  other  in  amount  of  material  to  be  re- 
moved. 

The  breakwater  will  be  about  300  feet  long,  20  feet  wide  on  top-side 
slopes  of  one  upon  two,  and  14  feet  high.  The  riprap  protection  to  the 
outer  edge  of  the  beach  will  extend  3,000  feet,  and  will  consist  of  short 
jetties  about  50  feet  long  and  50  feet  apart,  to  be  connected  by  riprap  at 
their  shore-ends.  These  small  jetties  are  to  be  triangular  in  cross-sec- 
tion, with  side-slopes  of  45^  and  8  feet  high.  The  storm  \vaves  break 
so  far  outside  of  the  beach  that  this  will  be  sufficient  protection  to  it. 

ESTIMATES. 

Granite  for  breakwater,  jetties^  and  rip-raps,  in  blocks  not  less  than  a  ton 

weight,  30,000  tons,  at  $4.50 $135,000 

Fences  or  trees  to  arrest  sand 5,000 

Dredging,  330,000  cubic  yards,  at  30  cents 69,000 

Superintendence ; 20, 000 

220,000 
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CHAPTEK  IV. 
LMPORTANCE  OF  THE   niPROVEMENT. 

The  inlet  to  Cotamy  Bay  was  valuable  to  the  fishing  interests  as  pur- 
sued in  small  boats,  such  as  are  generally  used  by  fishermen  along  our 
shores,  and  was  also  of  service  occasionally  to  some  vessels  so  unfortu- 
nate as  to  be  in  distress  on  this  coast,  by  enabling  these  men  to  reach 
her  and  act  as  pilots.  If  these  objects  aloue  were  to  be  considered  I  do 
not  think  they  would  justify  the  expense  of  an  opening.  The  main  ob- 
ject claimed  for  the.  operation,  however,  is  the  influence  in  preserving 
the  depth  of  the  entrance  to  Edgartown  Harbor. 

So  far  as  the  survey  made  by  Professor  Whiting  in  1871  goes,  it  does 
not  appear  at  all  conclusive  that  any  injury  to  this  harbor  resulted  from 
the  closing  up  in  1869.  The  injury  feared  is  based  more  upon  inference 
than  observed  measurement.  There  was  no  survey  to  compare  it  with 
but  the  previous  one  of  1846,  and  many  of  the  changes  shown  may  have 
been  as  much  the  effect  during  the  sucJceeding  twenty-three  years,  while 
the  Cotamy  Beach  remained  open,  as  during  the  last  two  years  during 
which  it  was  closed.    The  following  changes  were  noted  : 

1st.  One  foot  more  of  water  can  now  be  broogbt  into  tbe  town-basin  over  tbe  bar. 
3d.  Tbe  apron  of  sand  within  Chappaquiddick  Point  has  extended  so  as  to  reduce  tbe 
depth  all  the  way  across  the  channel  and  impair  the  holding-ground.  The  crosf-sec- 
tiou  most  encroached  upon  has  lost  about  25  per  centum  of  its  area.  3d.  An  increase 
of  the  bnlk-head  or  shoal  in  the  broadest  portion  of  Cotamy  Bay  has  occurred,  and 
amounttt  to  nearly  1,000,000  cubic  yards. 

The  increase  of  depth.  Professor  Mitchell  says,  had  been  so  gradual 
as  not  to  be  noticed  by  the  people  of  Edgartown,  but  the  extension  of 
the  "  apron  of  Chappaquiddick  Point  had  excited  attention  by  its  recent 
advances."  The  addition  to  the  shoal  in  Cotamy  Bay  could  not  directly 
effect  Edgartown  as  a  harbor.  It  was  of  course  due  to  the  opening  and 
not  its  closing  up. 

The  anchorage  which  has  suffered  since  the  survey  of  1846  was  inside 
and  past  the  town,  and  cannot  be  considered  important  in  the  point  of 
view  of  a  harbor  of  refuge.  In  fact,  in  all  winds  except  from  the  north 
and  northwest  the  anchorage  outside  the  light-house  is  good,  and  these, 
which  the  out^r  harbor  furnishes  no  protection  for,  are  generally  accom- 
panied by  clear  weather,  and  are  favorable  to  vessels  keeping  on  their 
course. 

Professor  Mitchell  thinks  that  superior  depth  at  the  entrance  of  Ed- 
gartown over  that  at  Nantucket  "i>  dve  to  the  exutence  of  a  southern 
opening  in  the  former  cme.^  If  these  entrances  were  in  every  other 
re.*4pect  precisely  alike  I  would  agree  with  him  in  this  opinion,  but  the 
other  conditions  are  so  different  that  I  do  not  think  the  reason  sufficient. 

\Ve  have  already  spoken  of  the  strong  currents  of  water  which  flow 
between  the  Muskeget  Channel  and  the  eiistiirn  entrance.  The  numer- 
ous shoals  attest  the  great  amount  of  sand  they  sweep  along  in  their 
course.  In  this  broad  part  of  the  sound  the  prevailing  northwest  winds 
uiust  cause  the  waves  to  throw  much  greater  quantities  of  sand  upon 
the  north  shore  of  Nantucket  Island  than  can  ever  reach  the  north  shore 
of  Martha's  Vineyard,  and  this  sand  swept  along  the  shore  of  Nantucket 
by  the  waves  is  sufficient,  in  my  mind,  to  account  for  the  very  different 
conditions  of  the  two  inner  harbor  entrances.  On  the  whole,  I  agree 
with  the  final  conclusion  of  Professor  Mitchell,  that  "until  we  have 
still  another  survey  we  must  infer  that  the  two  years'  closure  ot  the 
beach  has  not  affected  the  bar  "  at  the  entrance.  With  the  remainder 
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of  tbe  appropriation  unexpended,  $1,385.48,  I  would  recomiiieud  tbis 
survey  to  be  made  the  coming  season.  From  tbis  we  can  ascertain  what 
tbe  injury  bas  been  in  tbe  last  five  years,  and  wbetber  it  is  not  better 
to  dredge  at  Edgartown  tban  at  Cotamy  Beacb. 

CONCLUSION. 

1  cannot  1find  ground  at  present  sufficient  to  justify  an  appropriation 
for  making  tbe  only  opening  in  the  beacb  which  I  consider  practicable. 
But  unwilling  to  stand  in  the  way  of  an  object  which  others  have 
•thought  so  desirable  and  easy  of  accomplishment,  I  respectfully  recom- 
mend an  appropriation  of  822,000,  the  original  estimate,  to  be  paid  to 
any  one  who  will  make  tbe  improvement  desired ;  letting  it  by  contract 
to  tbe  lowest  bidder,  under  sufficient  guarantee  that  he  will  make  a 
proper  efiort,  and  receive  comx>ensation  upon  succeeding. 


APPENDIX. 

Report  of  Mr,  A,  S.  Van  Ingen^  Assistant  Engineer, 

Engineer  Office,  U.  S.  A., 

Neivporif  K.  /.,  December  2(),  1^73. 

General:  I  have  the  honor  to  make  the  following  final  report  of  operations  for  the 
opening  of  the  Sonth  Beach,  with  a  view  to  the  restoration  of  the  direct  tidal  tiow  be- 
tween Edgartown  Harbor,  MassachusetU,  and  the  ocean. 

In  accordance  with  yonr  instructions  of  August  II,  1873, 1  proceeded  to  Edgartown, 
Mass.,  August  15,  to  ansume  charge  of  the  work  already  in  progress.  The  plan  of  oi»e- 
rations  proxK)sed  was  to  dredge  a  G-foot  deep  channel  through  the  fiats  in  Cotamy  Bay, 
from  deep  water  to  the  beach,  so  as  not  only  to  assist  in  drawing  the  waters  from  the 
bay  toward  the  opening  when  made,  but  also  to  serve  as  a  navigable  channel  for  the 
tug  used  in  attendance  on  the  dredges  and  scows,  and  for  vessels  bringing  material  for 
jetties,  which  it  was  thought  would  be  needed  on  the  ocean  side  of  the  beacb  to  insure 
complete  success. 

The  west  line  of  the  proposed  cut  through  the  fiats  and  beach  had  been  marked  out 
in  accordance  with  the  plans  of  Lieutenant  Colonel  Tnom,  United  States  Engineers, 
with  the  modification  of  saving  60  feet  in  distance  by  running  from  deep  wat^r  more 
directly  for  the  beach,  and  striking  it  660  feet  east  of  the  point  selected  by  him.  A 
dredge,  hired  of  Mr.  Morris  F.  Brainard,  of  Albany,  N.  Y.,  began  work  July  *2Ist  on  the 
first  and  west  cut.  The  water  was  so  shoal  that  it  was  impossible  to  use  scows  to  ad- 
vantage, and  the  material  was  thrown  over  the  side.  On  August  10  a  second  dipper- 
dredge,  belonging  to  Messrs.  Staples  &  Phillips,  of  Taunton,  Mass.,  was  placed  on  tbe 
•work,  dredging  up  from  the  beach  on  the  first  cut.  It  was  intended  to  have  the  tug 
from  Albany,  N.  Y.,  previously  chartered,  arrive  at  the  same  time,  to  tow  away  scows,  so 
as  to  begin  the  second  cut  at  once,  before  the  sand  should  have  washed  back  from  the 
bank;  bad  weather  for  two  weeks  delayed  it. 

On  taking  charge  then,  August  15, 1  found  these  two  dredges  at  work  digging  from 
opposite  ends  of  the  first  cut  and  throwing  all  material  over  the  side,  they  oeing  only 
550  feet  apart,  and  no  tug  on  hand.  A  portion  of  the  bank  thrown  up  had  been  wasbeil 
back  into  the  cut  at  the  inside  channel,  near  the  beach,  by  the  severe  gale  of  Aa^nist 
14.  On  the  21st  the  two  machines  had  so  nearly  met  that  one  was  withdrawn  from 
the  first  cut  and  set  to  cleaning  out  the  sand  washed  back  ;  the  other  completed  this 
cut,  made  a  side  opening  for  the  flow  of  the  deep  water  west  of  the  bank,  and  tbeii 
began  the  second  cut  at  the  north  side  of  the  inside  channel,  (shown  on  the  map.)  tbe 
material  being  discharged  into  scows.  As  the  tug  had  not  yet  appeared,  these  scows, 
lightly  loaded,  except  at  very  high  tides,  were  warped  out  GOO  to  1,000  feet  to  the  eust- 
ward  and  dumpe<l  in  the  deep  hole  shown  on  the  map. 

The  tug  reported  August  20 :  one  dredge  was  immediately  started  in  at  the  north  end 
of  the  second  cut,  the  tug  towing  her  scows  away  to  the  eastward  about  4,.'S<X)  feet ; 
the  other  machine  continued  the  same  cut  from  the  inside  channel,  the  scow6  being 
warped  away  as  before..  After  carrying  down  the  second  cut  a  few  hundred  feet,  «» 
much  trouble  was  encountered  in  turning  the  tug  in  the  two  cuts  on  account  of  the 
running  back  of  the  sand,  and  the  forming  of  shoals,  that  a  third-  cut  was  l>egnn  Sep- 
tember ;}.    The  work  of  dredging  from  this  time  progressed  but  slowly  on  account  of  the 
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rapid  movement  of  the  sand,  shoals  forming  alonf^side  the  dredge  every  night;  and 
thin,  notwithstanding  the  scows  from  each  dredge  were  removed  from  the  narrow  cut 
at  the  close  of  each  day,  so  as  to  give  an  uninterrupted  flow  to  the  current.  It  was 
impossible  also  to  keep  the  sand  from  running  through  the  scows.  Much  delay  was 
occasioned  by  having  to  pick  up  these  numerous  shoals. 

On  the  8th  of  September  the  sloop  Mary  Adelaide,  with  tools  and  material,  arrived 
from  Newport,  and  discharged  her  cargo  on  the  beach. 

A  rough  building  was  erected  on  the  beach,  to  serve  as  a  tool- house  and  afford  shel- 
ter for  the  men  in  rain  or  at  night.  A  board  bulwark,  6  feet  high,  was  built  across  the 
sonth  end  of  the  slough  through  the  beach,  as  protection  against  an  unusually  severe 
storm  during  the  progress  of  the  work.  This  was  strengthened  by  throwing  up  sand 
ou  lioth  sides  2^  feet  high. 

On  September  15  six  teams  began  the  scraping  away  of  the  sand  from  the  beach 
down  to  about  mean  sea-level ;  it  was  all  hauled  away  to  the  eastward,  a  distance  of 
about  100  feet,  with  iron  scrapers  holding  about  one-ninth  of  a  cubic  yard,  drawn  by 
two  horses.  The  prices  paid  per  day  were  $2.^  each  for  horse  and  driver,  and  $2  for 
ordinary  laborers. 

During  the  latter  part  of  September,  a  cheap  dock,  60  feet  long  by  25  feet  wide,  was 
built  at  the  beach  on  which  to  land  stone,  it  being  expected  that  there  would  be  suffl* 
cient  funds  to  build  a  jetty  on  the  south  side  of  the  beach. 

The  two  dredges  continued  as  above  until  the  second  cut  was  finished,  when  the 
dredge,  already  on  the  third  cut,  was  left  to  complete  it,  and  the  other  one  was  set  into 
the  beach  proper,  where  it  had  been  scraped  down  to  mean  sea-level.  Two  cuts  were 
carried  in  together,  the  material  from  the  first  being  thrown  over  to  the  eastward  and 
scraped  away,  and  that  from  the  second  warped  out  in  scows.  The  machine  used  for 
tbi8  work  being  in  bad  repair,  as  soon  as  the  third  cut  was  completed  down  to  the  in- 
side channel  Mr.  Brainard's  dredge  took  its  place  in  the  beach,  and  the  dredge  of 
Messrs.  Staples  &  Phillips  was  discharged,  as  but  one  could  be  employed.  The  i^ang 
of  scraiiers  and  laborers  was  now  increased  so  as  both  to  level  the  beach  ahead  ot  the 
dredge  and  remove  the  bank  thrown  up  from  the  first  cut. 

On  October  7  yon  arrived  in  Edgartown,  and  from  that  time  until  October  28  took 
immediate  charge.  By  that  time  it  was  found  that  the  dredging  in  the  bay  had  cost  so 
much  more  than  expected,  that  no  jetty  could  be  afforded ;  neither  could  a  greater 
width  than  two  cuts  be  allowed  through  the  beach.  The  force  of  workmen  was  at  once 
increased,  the  west  bank  shoveled  back  to  an  easier  slope,  the  bulwark,  not  considered 
by  yon  sufficiently  strong,  strengthened  by  throwing  up  an  enbankment  of  sand  on  each 
side  to  the  level  of  the  top  of  the  boards,  the  width  at  top  being  1  foot ;  eel-grass  was 
added  on  the  south  side  and  was  found  to  make  a  very  firm  bank.  Two  gauges  were 
set  up,  one  at  the  dock  in  the  bay,  and  the  other  on  the  ocean  side  of  the  beach ;  the 
latter  was  a  piece  of  gas-pipe,  graduated,  sharpened  into  a  wedge-shape  and  driven  in 
the  bottom.  It  stood  several  severe  storms  without  changing  its  level  more  than  one- 
hundredth  of  a  foot,  and  was  still  standing  when  I  left.  These  gauges  were  placed  at 
the  same  level,  and  referred  to  the  bench-mark  established  by  the  Coast  Survey  depart- 
ment in  Edgartown,  their  zeros  being  16.535  feet  below  the  Coast  Survey  bench-mark 
on  the  water-table  of  the  Martha's  Vineyard  National  Bank,  under  the  north  front 
window.  Low-water  as  established  by  the  Coast  Survey  is  15.16  feet  below  this  bench- 
mark. The  outside  gauge  being  exposed  to  breakers  part  of  the  time,  did  not  indicate 
the  minor  fluctuations  of  the  tide,  but  careful  reading  gave  very  good  and  accurate 
records  of  tUp  rise  and  fall.  The  height  of  the  tide  was  taken  in  the  bay  every  15 
minutes,  and  in  the  ocean  every  half  hour.  By  means  of  these  the  head  of  water  in- 
side and  outside  was  determined  each  day;  it  was  extremely  irregular,  sometimes  un- 
accountably so.  These  records  are  presented  in  detail  with  this  report,  and  from  them 
are  plotted  the  tidal  curves,  a  copy  of  wliich  also  accompanies  this  and  shows  the 
differences  of  level  between  the  two  tides  for  each  day. 

Every  effort  was  now  put  forth  to  make  the  final  opening  at  the  time  of  the  next 
spring-tides,  about  October  23.  A  channel  55.60  feet  wide  and  6  feet  deep  was  con- 
tinued to  the  bulwark,  on  a  line  with  the  crest  of  the  beach,  and  that  was  taken  down. 
It  was  at  this  time  that  a  tough  turf,  the  remains  of  a  former  marsh,  was  met  in 
dredging,  which,  it  was  feared,  would  present  an  obstacle  to  the  cutting  out  of  the 
current.  The  channel  was  therefore  dredged  50  feet  farther,  and  the  dredge  then  ran 
ahead  20  feet,  digging  and  throwing  over  the  side  so  as  to  loosen  up  the  bottom.  This 
brought  the  channel  to  high-water  mark  on  the  ocean  side.  It  was  finally  completed 
at  midnight  October  26,  it  having  been  your  intention  to  open  the  channel  that  night 
as  soon  as  a  head  occurred  in  the  bay,  which  should  have  been  about  1  a.  m.  The 
greatest  bead  that  morning  was  1.1  feet,  not  enough  to  withstand  the  surf  now  begin- 
ning to  roll  in  heavily.  The  wind  was  blowing  strong  from  the  south,  increasing  all 
night.  At  1  a.  m.,  when  all  hopes  of  a  good  head  inside  were  given  up,  an  embank- 
ment of  sand  was  thrown  up  at  the  mouth,  and  strengthened  from  time  to  time  with 
sea-weed  and  sand.  By  9  a.  m.,  October  27,  the  storm  had  increased  so  much,  bringing 
in  a  heavy  sea — ^the  head  of  water  outside  being  2.2  feet — that  the  embankment  was 
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carried  away,  and  the  water  rnsbed  in  with  fi^reat  force,  underminiDg  the  side-banks 
and  carrying  much  sand  with  it.  The  head  of  water  increased  from  0,  at  6.30  a.  m.,  to 
2.7  at  10.45  a.  m.  It  was  not  till  2.15  p.  m.  that  the  water  in  the  bay  and  ocean  came 
to  the  same  level.  By  this  time  the  cat  was  filled  with  sand  the  width  of  the  beach, 
and  to  such  a  height  that  uo  water  would  run  out.  The  storm  the  next  night  was 
unusually  severe. 

After  your  departure,  on  the  28th  of  October,  by  your  direction  I  remained  in  Eldgar- 
town  to  take  advantage  of  any  favorable  state  of  weather  and  tide,  and  renew  the 
attempt  to  effect  an  opening.  The  funds  available  were  now  nearly  exhausted,  so  that 
only  an  inexpensive  trial  could  be  afforded,  such  as  the  inhabitants  have  themselves 
often  made  without  success.  pm 

About  noon  of  October  31,  the  wind  blowing  fresh  northeast,  and  the  water  being 
smooth  outside,  a  gang  of  forty  men  and  six  teams  were  set  to  work  digging  a  narrow 
trench  through  the  beach  ;  a  ditch  350  feet  long,  about  10  feet  wide  and  3  &et  deep  at 
high-water,  was  made  by  5  p.  m.,  when  it  was  proposed  to  open  it  to  the  current  from 
the  inside.  By  that  time,  however,  the  wind  had  shifted  to  northwest,  and  a  heavy 
sea  had  come  in,  so  that  it  was  deemed  best  to  hold  it  until  the  next  day,  in  hopes  of 
the  sea  going  down.  This,  however,  did  not  take  place,  and  the  ditch  was  held  with 
an  embankment  of  sand  until  the  morning  of  November  .3,  when  it  was  carried  away 
by  another  severe  southerly  storm  and  the  ditch  filled  in  as  before. 

*  Again,  on  the  6th  of  November,  came  a  favorable  opportunity.  The  sea  was  very 
smooth,  the  w^ind  northerly,  and  the  tides  large.  At  noon  a  gang  of  men  were  set  to 
work  digging  another  ditch  through  the  beach,  making  it  6  feet  wide,  and  3^  feet  deep 
at  high- water.  This  was  completed  at  11  p.  m.  The  head  of  water  in  the  bay  was  only 
1^  foot,  not  enough  to  withstand  the  slight  surf.  The  tide  was  now  on  its  first  stand, 
and  it  was  not  until  12  o^clock  that  it  became  higher,  having  in  the  mean  time  fallen 
^  foot.  The  outside  tide  had,  however,  fallen  rapidly,  so  as  to  give  a  head  of  ^  foot. 
The  wind  which  had  been  northwest  at  5  p.  m.  had  again  hauled  northeast,  and  was 
blowing  quite  fresh.  The  bulkwark  of  sand  at  the  mouth  of  the  ditch  was  now  re- 
moved, and  the  water  allowed  to  run  out,  the  whole  force  of  men  being  kept  at  work 
loosening  up  the  bottom  with  shovels  and  hoes.  At  first  the  current  ran  feebly,  bat 
became  qnite  rapid  for  a  short  time  about  2  a.  m.  The  night^tides  being  less  than  the 
day-tides,  the  moon  being  at  nearly  its  maximum  north  declination,  the  rise  above 
mean  low- water  was  only  1.5  feet,  and  the  greatest  head  a  little  over  2  feet.  At  3.45 
a.  m.  the  head  had  diminished  to  about  1  foot,  and  the  current  moved  so  feebly  as  jn.st 
to  withstand  the  ocean-surf,  which  had  begun  to  increase.  The  ditch  had  widened  to 
about  10  feet  at  low-wat4jr,  but  deepened  very  little  on  account  of  the  hard  gravel  at 
the  month,  which  could  not  be  removed,  though  continually  loosened.  The  mouth 
was  now  closed  against  the  incoming  tide  wnth  an  embankment  of  sand,  to  be  held 
until  the  next  head  inside  occurred.  During  the  morning  the  wind  had  hauled  more 
to  the  south  and  east,  and  the  swell  and  wind  chop  had  increased  outside  considerably. 
It  was  evident  that  a  southeast  storm  would  be  upon  us  before  we  could  get  the  out 
wide  enough  to  hold  its  own,  and  that  our  labor  would  be  in  vain.  However,  at  12.30 
p.  m.,  with  a  head  of  1.2  feet,  the  embankment  of  sand  was  removed,  and  the  current 
again  started  out.  At  first  it  scarcely  ran  at  all,  being  driven  back  at  the  mouth  by 
the  surf,  but  soon  the  heail  increased,  and  the  current  ran  much  more  rapidly  than  at 
the  previous  head,  sufficiently  so  to  drive  the  sand  30  to  40  feet  out,  where  it  made  a 
point  toward  the  westward.  The  flow  along  shore  was  not  swift  enough  to  carry  it 
out  of  our  way,  as  we  had  expectwl.  The  greatest  head  attained  was  2.7  ieet,  the  tide 
inside  having  risen  1.15  feet  higher  than  on  the  previous  night.  At  4  pi  m.  the  ditch 
had  widened  to  27  feet  at  the  mouth  and  17  feet  at  mean  section,  but  had  been  again 
prevented  from  deepening  bj'  the  gravel  at  the  mouth.  The  swell  had  so  increaiMHi 
that  all  thoughts  of  being  able  to  hold  the  ditch  by  an  embankment  were  given  up. 
The  head  at  this  time  was  1.3  feet.  The  current  continued  to  run  out  very  feebly  until 
5  p.  ni.,  when  the  head  was  only  ^v  foot.  The  water  then  flowedin,  and  by  the  next  day 
the  beach  was  filled  in  again  as  before,  the  high-tide  outside  washing  over,  but  no 
water  running  out. 

As  I  considered  several  days  of  smooth  sea  in  addition  to  a  fair  head  of  water  essen- 
tial to  the  success  of  an  opening,  and  these  could  not  be  expected  at  that  time  of  year, 
and  as  even  with  favorable  weather  the  gravel  at  the  mouth  might  still  prevent  the  cu* 
deepening  unless  some  eft'ective  measures  were  taken  for  its  removal,  and  as  there  were 
no  funds  available  for  jetties  or  coffer-dams,  I  deemed  it  advisable  to  make  no  further 
trial. 

The  total  length  of  cut  made  was  2,200  feet — 60  feet  wide  in  the  bay  and  5,5  to  60  feet 
through  the  beach,  and  G  to  7  feet  deep.  The  amount  of  mat>erial  removed  by  dredging 
was  33,725  cubic  yards,  at  a  cost  of  '37.9r<  cents.  The  amount  of  sand  removed  by 
scrapers  was  8,d43  cubic  yards,  at  a  cost  of  27  cents  per  cubic  yard.;  of  this,  4,177  cubic 
yards  was  composed  of  the  surface-sand,  from  the  60-foot  wide  cut  down  to  mean  sea- 
Jevel,  and  the  balance  was  that  thrown  up  by  the  dredge  from  the  first  cut  and  that  re- 
moved from  the  sides  to  make  an  easy  slope  for  the  horaes. 
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There  accompanies  this  report  a  map  on  a  scale  of  200  feet  t-o  one  inch,  showing  the 
locality  of  the  work,  channel  dredged,  &c.,  with  sections  of  beach  before  the  work 
coiunienced,  and  sections  of  the  channel  made ;  also,  one  sheet  of  the  tide-records  kept 
at  the  Sonth  Beach  and  two  sheets  of  the  tidal  curves  plotted  therefrom. 

In  reference  to  future  attempts  to  open  a  channel  through  Cotamy  Beach,  should  any 
be  authorized  by  Congress,  I  would  recommend  that  a  different  site  be  selected  for 
the  opening,  either  at  the  point  of  the  1856  cut,  suggested  by  me  in  my  report  of  July 
'4^2,  lci72,  or  at  the  extreme  east  end,  as  desired  by  the  fishermen  of  Edgartown.  But 
before  any  location  should  be  chosen,  I  would  suggest  that  a  careful  survey  of  the 
whole  beach  and  vicinity,  and  es])ecially  of  the  east  end,  be  made. 

The  greatest  advantage  claimed  by  those  in  favor  of  this  latter  site  seems  to  me  to 
be  the  rapidity  of  the  along-shore  current  to  remove  the  sand  washed  out  of  the  open- 
iujG^,  so  as  not  to  form  a  point,  as  was  the  case  where  the  last  attempt  was  made.  The 
relative  speed  of  this  current  at  different  points  alon^the  beach  has  not  been  referred 
TO  in  any  of  the  published  reports  on  this  subject.  It  is  evidently  more  rapid  at  the 
east  end,  by  Muskeget  Channel. 

8<.uue  measures  also  must  be  taken  to  remove  the  hard  gravel  on  the  south  shore, 
the  presence  of  which  would,  I  think,  prevent  all  deepening  of  the  channel  behind  it. 
In  good  weather  a  dredge  could  work  right  through  this  without  risk,  being  timed  so 
as  to  reach  the  outside  when  the  ocean  had  fallen  to  the  level  of  the  bay.  Or  sheet- 
piling  might  be  driven  out  a  short  distance  sufficient  to  protect  the  men  inside  from 
the  waves,  and  this  gravel  could  then  be  removed  2^  feet  deep  at  low-water  in  this 
way ;  or  substantial,  stone  jetties  could  be  built  out  on  both  sides  of  the  proposed  cut 
ou  the  sonth  shore.  Again,  the  sand  removed  from  the  beach  should  all  be  carried 
away,  and  not  piled  up  on  both  sides  of  the  cut  to  be  washed  in  again  when  the  chan- 
nel widens. 

Should  the  location  of  the  old  opening  of  1856  be  selected,  the  removal  of  sand  would 
he  easy.  The  beach  is  here,  it  is  true,  750  feet  wide,  but  not  as  high  as  at  other  points. 
There  is  good  water  inside  all  the  way  to  the  deep  water  at  Cotamy  Point,  and  a  deep 
channel  near  the  beach  running  to  the  eastward  for  a  long  distance.  All  the  dredged 
material  could  be  warped  out  into  this  inside  channel ;  the  only  scraping  needed  would 
he  in  making  a  way  for  the  dredge  in  the  first  cut,  and  she  should  afterwards  re-dig  all 
the  materi  U.  thrown  out  from  the  first  cut.  In  this  way  the  expense  of  a  tug  would  be 
(saved. 

I  make  these  only  as  general  suggestions  to  be  reconsidered  after  a  thorough  surv'ey 
f^hall  have  been  made,  and  to  serve  as  points  to  be  examined  by  those  who  shall  have 
charge  of  such  survey.  The  trial  of  last  fall  developed  a  lamentable  lack  of  data  for 
calculation,  and  while  certain  of  these  will  he  furnished  by  the  experience  lately 
gained,  many  more  are  needed. 

It  might  l>e  well  to  state  here  that  while  the  plan  proposed  and  desired  by  the  in- 
habitants of  Edgartown,  viz,  opening  a  small  ditch  and  making  the  current  do  all  the 
work,  might  succeed,  it  would  be  dependent  entirely  on  "  luck ;"  should  there  be  smooth 
sea  for  a  week  at  a  time,  with  a  good  head  inside,  there  would  be  some  chance  of  suc- 
cess; otherwise  not. 

It  seems  to  have  be^jn  taken  for  granted  in  all  previous  discussions  that  the  improve- 
ment of  Edgartown  Harbor  could  be  effected  only  by  the  opening  of  a  channel  through 
the  South  I^ach,  to  allow  the  flow  of  the  tidal  currents,  and  I  have  in  the  previous  sug- 
gestions proceeded  on  this  assumption.  With  reference,  however,  to  the  utility  of  such 
cut,  simply  as  regards  the  preservation  of  the  harbor  of  Edgartown,  there  seems  to  be 
wme  reason  to  doubt.  This  harbor  is  used  as  anchorage-ground  only  for  a  short  dis- 
tance past  the  light-house  up  to  the  point  of  Chappaquiddick  Island,  opposite  the  town- 
wharves.  Vessels  rarely  go  past  this  from  the  <lit!iculty  of  getting  under  way  readily. 
Even  with  the  beach  closed  vessels  frequently  have  trouble  in  entering  the  harbor  as 
far  as  mentioneil  above,  or  leaving  it  against  an  opposing  tide.  Many  vessels  osten- 
Hibly  seeking  the  refuge  of  Edgartown  Harbor  never  pass  bej^ond  the  light-house, 
fiuding  sufficient  shelter  under  the  lea  of  Cape  Poge,  with  the  wind  east  of  north. 
Professor  Whiting,  in  his  report  on  the  effect  of  the  opening  of  1856,  published  in  the 
Coast  Hnrvey  volume  for  the  same  year,  makes  the  following  statement : 

*'  This  is  now  the  main  openiug,  and  the  tide  is  so  strong  through  it  as  to  materially 
affect  the  harbor  and  make  it  difficult  for  vessels  in  light  winds  to  stem  it  in  coming 
iu  from  Capo  Poge." 

The  oi>ening  of  a  channel  through  the  beach  will,  then,  in  this  respect,  be  a  detri- 
ment to  navigation,  and  consequently  to  the  usefulness  of  this  harbor. 

There  next  arises  the  question  whether  the  existence  of  an  opening  through  the  South 
Beach  increases  or  decreases  the  injury  to  the  harbor,  and  secondarily  of  Cotamy 
Bay,  from  the  movement  of  sand.  Professor  Whiting,  in  the  report  cited  above,  con- 
tinues : 

**This  action  of  the  sea  indicates  a  gradual  wearing  away  of  the  southern  shore  of 
the  inland,  and  I  think  iu  this  particular  locality  the  beach  may  eventually  be  entirely 
hwept  away  or  washed  in  upon  either  shore,  leaving  the  bay,  between  the  Vineyard 
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and  Chappaquiddick,  an  open  chop.  In  this  case  th.e  character  and  capacity  of  Edgar- 
towu  Harbor  will  be  greatly  changed.  Whether  it  will  tend  to  deepen  the  eastera 
channel  and  improve  it,  or  carry  the  sand,  &c.,  through  and  deposit  it  in  shoals  toward 
Cape  Poge,  is  a  question  for  time  to  develop.  The  greater  quantity  and  velocity  of 
the  current  sweeping  through  the  harbor  will  have  a  strong  effect  upon  the  shore  and 
wharves  of  Edgartown.    In  fact,  its  influence  is  already  felt." 

Professor  Mitchell,  in  his  report,  published  in  the  Coast  Survey  volume  of  1869,  writes 
as  follows : 

"  The  soundings  in  the  harbor  of  Edgartown,  given  upon  the  accompanying  chart, 
executed  by  Mr.  Marindin,  differ  from  those  which  appear  upon  the  chart  of  Lieut. 
Chas.  H.  Davis,  (dated  1846,)  in  three  localities  of  limited  extent — 

'Hst.  One  foot  more  water  can  now  be  brought  iuto  the  town  basin  over  the  bar. 

**  2d.  The  apron  of  sand  within  Chappaquiddick  Point  has  extended  so  as  to  replace 
the  depth  all  the  way  across  the  channel  and  impair  the  holding-ground.  The  cross- 
section  most  encroached  upon  has  lost  about  25  per  centum  of  its  area. 

"  3d.  An  increase  of  the  bulk-head  or  shoal  in  the  broadest  portion  of  Cotamy  Bay 
has  occurred,  and  amounts  to  nearly  1,000,000  of  cubic  yards," 

These  three  changes  are  known  to  have  occurred  during  the  years  1846-1870,  inclu- 
sive— tweuty-iive  years.  Of  this  time  the  harbor  had  the  benefit  of  an  opening  through 
the  beach  for  twenty-four  years,  being  without  it  only  during  the  last  year.  Unfor- 
tunately we  have  no'data  to  show  the  condition  of  the  harbor  and  bay  just  previous 
to  the  closing  of  the  openings,  so  that  it  is  difficult  to  determine  whether  these  changes 
occurred  during  the  twenty -four  years  or  during  the  one  year.  Professor  Mitchell 
considers  the  first,  a  change  of  l-foot  depth,  to  have  been  the  work  of  years,  because 
not  noticed  by  the  citizens  of  Edgartown.  The  second,  a  change  of  25  per  centum  of 
area,  he  inferentially  ascribes  to  the  absence  of  an  opening,  because  the  shoal  **had 
excited  attention  by  its  recent  advances."  If  7'eoent  covers  a  period  of  only  one  year, 
then  the  change  was  remarkable  certainly.  If  it  exteuds  further  back,  then  it  caunot 
be  ascribed  solely  to  either  the  existence  or  uon-exist-ence  of  the  opening. 

Professor  Mitchell  did  not  consider  himself  as  having  certain  testimony  with  reference 
to  the  third  change. 

Is  there,  then,  any  sure  ground  for  charging  the  disadvantageous  changes  to  the 
absence  of  an  opening  f  It  seems  to  me  not.  The  third  change  certainly  is  due  to 
the  sand  washed  in  from  the  ocean  through  the  different  cuts,  mainly  at  their  break- 
ing in.  The  widest  part  of  the  beach  is  found  to  be  that  east  of  the  most  western 
opening  known,  and  as  each  cut  moved  eastward  it  continued  the  point  first  made 
behind  it.  It  seems  highly  probable  that  this  1,000,000  of  cubic  yards  was  introduced 
in  this  way  during  the  passage  of  the  opening  of  1856  to  the  east  end.  It  is  not  prob- 
able that  this  amount  of  sand  came  from  the  north,  nor  that  it  was  deposited  in  ]d69-'70. 
Neither  is  there  any  probability  of  an  opening  increasing  the  depth  of  the  bay,  except 
in  its  immediate  channel-way,  and  this  is  tilled  in  again  as  the  cut  moves  eastward. 
The  tendency,  therefore,  while  the  supply  of  sand  from  the  westward  continues  as  at 
present,  is  that  every  successive  opening  will  add  to  the  width  of  the  beach  and  the 
filling  up  of  the  bay. 

Professor  Mitchell,  in  the  above-cited  report,  remarks :  "  Under  the  old  r^gim^  (ex- 
istence of  an  opening)  much  more  water  flowed  northward  than  ever  returned. 
«  h  »  »  »  •  » 

*' When  the  tide  was  low  in  Cotamy  Bay  it  was  high  in  the  ocean,  so  that  the  inlet 
and  its  outer-bar  channels  were  broad  and  deep,  admitting  a  great  volume  of  water. 
On  the  other  hand,  six  hours  later,  when  the  bay  was  full,  the  ocean  outside  was  low^ 
the  inlet  and  outer-bar  channel  were  narrow  and  more  shallow,  and  a  comparatively 
small  volume  of  water  could  escape  to  the  sea.  These  were  the  very  conditions  beat 
calculated  to  keep  the  port  free." 

Is  this  latter  statement  correct  ? 

As  a  general  rule,  other  things  being  equal,  the  greater  volume  of  water  would  carry 
the  greater  amount  of  sand.  The  inside  head  being  smaller  than  the  outside,  and  the 
current  passing  over  the  flats  north  of  the  beach,  when  the  water  was  deeper  than 
with  the  opposite  current,  the  scouring  effect  on  the  flats,  and  consequently  the  amount 
of  sand  carried  out,  would  not  be  as  great  as  the  current  with  the  greater  outside  head 
and  along-shore  sand,  and  more  effective  scouring  power  on  the  flats  would  iutroduce 
into  the  bay  and  harbor.*  If  it  is  considered  possible  that  during  the  absence  of  an 
opening  Cotamy  Bay  may  become  filled  up  with  sand  washed  in  past  Edgartowu  by 
the  current,  with  small  hea<i,  quite  ]>robable  is  it  that  the  shoals  opposite  to  and  north 

*  Mr.  David  JStevenson,  F.  R.  S.  E.,  iu  his  work  on  "  Canal  and  River  Engineering,^* 
pages  278, 279,  says :  '^  The  harbor  authorities  placed  gates  across  the  entrance  to  the 
Slake,  and,  in  order  to  render  the  scour  more  effective,  impoundel  the  water  at  high- 
tide,  and  at  low-water  allowed  it  to  esca{)e  through  large  sluices  formed  in  the  gates, 
so  as  to  act  upon  the  harbor  between  half-ebb  and  low-w.itL-r,  at  which  period  the 
scour  is  found  to  be  more  eflicacions." 
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of  Ecljjartown  were  formed  with  the  sand  driven  through  from  the  ocean  and  scoured 
out  of  the  flats  near  the  beach.  And  the  second  change  cited  by  Professor  Mitchell 
may  be  plausibly  explained  in  this  way :  The  north  current  ran  so  rapidly,  that  the 
saud  from  the. ocean  was  deposited  north  of  Chappaquiddick  Point  and  the  light- 
house. The  south  current,  having  less  velocity,  deposited  the  material  brought  back 
from  these  shoals  south  of  Chappaquiddick  Point,  where  the  water  spread  out,  a.fter 
passing  through  the  confined  section  opposite  town.  -In  this  way  was  the  "middle- 
grouDd"  formed.  It  will  be  noticed,  in  passing,  that  the  greater  part  of  the  25  per 
centnni  change  took  place  under  the  lee  of  Chappaquiddick  Point  from  the  south  cur- 
rent, as  would  be  expected  if  the  above  explanation  is  correct. 

Let  us  next  consider  whether  Cutamy  Bay  does  not  include  enough  back-water  area 
to  effectually  scour  out  the  harbor  and  prevent  filling  up.  The  bay  down  to  the  en- 
rranc«>  at  (Chappaquiddick  Point  has  an  area  of  70,447,125  square  feet,  covered  each 
flood-tide  2  feet  deep  ab^ve  low- water.  Hence,  the  discharge  opposite  the  town  each 
ebb-tide  is  140,894,250  cubic  feet,  and  the  mean  velocity  for  the  whole  tide  at  the  least 
section  is  0.6  mtle  per  hour.  This  is  nearly  sufficient  to  move  along  fine  gravel,  and 
more  than  is  required  to  sweep  along  sand.  Bat  at  certain  periods  of  the  tide  the 
current  dows  much  more  swiftly.  As  the  harbor  is  not  exposed  to  heavy  ocean  waves, 
the  tendency  to  shealing  at  its  mouth  would  not  be  as  great  as  at  most  of  the  harbors 
on  Long  Island  Sound.  Neither  does  there  seem  to  be  that  similarity  between  this  har- 
bor and  that  of  Nantucket,  as  stated  by  Professor  Mitchell  in  his  report  already  cited, 
as  follows :  '*  In  my  first  attempt  at  anything  like  a  scientifio  paper,  over  fifteen  years 
ago,  I  called  attention  to  the  fact  that '  aboat  the  same  relation  is  preserved  between  the  sur- 
faces of  the  water  at  Brant  Point  and  Weweeder  as  between  CapePoge  and  Wasquet  and  all  the 
advantages  which  the  harbor  of  Edgartown  possesses  over  that  of  Nantucket  would  seem  fo  be 
due  to  the  existence  of  a  southern  opening  in  the  former  caseJ  I  remember  that  this  was  the 
result  of  a  study  made  from  actual  levelings  and  careful  observations,  but  had  no  con- 
nection whatever  with  any  project  of  improvement  at  either  of  these  ports."  If  this 
be  true,  then  the  harbor  of  Edgartown,  its  opening  being  gone,  will  rapidly  fill  up,  as  has 
Nantucket  Harbor.  On  the  contrary,  the  situations  of  the  two  places  are  dissimilar. 
Nantucket  Harbor  is  exposed  to  the  sand-laden  currents  flowing  from  south  of  Martha^s 
Vineyard  through  MusKeget  channel  and  out  past  Monomoy,  and  returning  through 
this  strait.  Tnckemuck  Bank  and  the  extensive  line  of  shoal-ground  north  of  Nan- 
tucket are  evidently  the  results  of  the  deposits  irom  these  streams.  The  filling  in  of 
Nantucket  Harbor  is  doubtless  due  to  the  same  cause.  Edgartown  Harbor,  on  the  con- 
trary, is  exposed  to  no  such  inflows  of  sand  from  the  north.  But  a  small  portion  of  the 
.Mnskeget  channel-current  passes  west  of  Cape  Poge,  while  the  current  entering  Nan- 
tucket Sound  through  the  deep  Vineyard  Sound  must  carry  very  little  sand  with  it. 
Edpartown  Harbor  seems  to  be  especially  guarded  from  deposits  of  sand  by  this  pe- 
culiar location.  The  shoals  north  of  the  harbor  are  more  probably  due  to  the  existence 
of  an  opening  in  former  years. 

There  will  doubtless  be  a  gradual  filling  in  of  Cotamy  Bay  with  wind-blown  sand, 
no  more  and  no  less  than  would  happen  with  an  opening  through  the  beach.  This 
now  takes  place  mainly  opposite  those  parts  of  the  beach  not  covered  by  grass.  The 
encouragement  of  the  growth  of  this  at  the  now  bare  portions,  by  brush-protection, 
until  it  should  be  able  to  support  itself,  would  be  inexpensive  and  efficacious. 

To  understand  how  expensive  improvements  are  warranted  at  this  place  it  is  neces- 
sary to  know  something  of  the  interests  at  stake.  Edgartown  is  at  present  a  place  do- 
ing no  business  at  all  with  the  mainland  worth  considering.  It  was  at  one  time  an 
ioq>ortant  whaling  port,  but  now  this  business  has  disappeared,  probably  forever.  It 
consists  of  private  residences,  with  only  so  much  local  business  transacted  as  is  required 
by  the  needs  of  the  citizens  and  inhabitants  of  the  east  end  of  the  island.  In  summer 
it  is  frequented  by  numerous  visitors,  accommodated  at  the  various  hotels  of  the  town, 
and  at  ^*  Katama,''  south  of  the  town.  Its  nearness  to  the  noted  camp-grounds  at  Oak 
Bluft's  makes  |it  a  busy  place  during  summer,  and  it  bids  fair  to  equal  this  place  in  the 
future,  having  all  the  advantages,  with  none  of  the  disadvantages,  of  the  latter. 
The  importance  of  the  harbor  as  one  of  refuge  has  been  referred  to  before.  The  steam- 
boats running  between  this  place  and  New  Bedford  find  it  necessary,  in  turning  around, 
to  go  a  considerable  distance  up  Cotamy  Bay,  on  account  of  the-middle  ground  oppo- 
site the  town  wharves.  The  removal  of  this  would  not  only  be  a  convenience  to  tfiese 
boats,  but  would  also  increase  the  anchorage-ground  and  give  vessels  a  wider  space  to 
get  under  way,  the  contracted  area  inside  Chappaquiddick  Point  being  now  the  great 
objection  to  entering  within  it.  There  is  no  map  in  my  possession  with  sufficient  data 
on  which  to  base  an  accurate  calculation,  but  it  would  be  safe  to  estimate  the  cost  of 
the  removal  of  this  middle-ground  and  part  of  the  point  at  from  ^5,000  to  $100,000. 
This  would  give  an  anchorage-ground  of  2,000  feet  in  length  by  1,000  feet  in  width  and 
15  feet  deep.  I  doubt  if  any  opening  through  the  beach  will  be  guaranteed  for  a  less 
!^nm  by  any  engineer.  A  less  amount  might  open  the  beach,  and  one-fifth  of  the 
amount  might,  and  quite  likely  would,  be  expended  without  conferring  any  benefit  on 
the  harbor  of  Edgartown,  whereas  every  dollar  spent  in  dredging  does  some  good. 
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But  even  should  an  opening  be  secured,  tbe  most  enthusiastic  supporter  must  ac- 
knowledge that  it  is  liable  to  close  eventually,  and  then  the  expenditure  must  be 
repeated. 

There  are,  it  is  true,  two  interests  that  would  not  be  benefited  by  the  proposed  im- 
provement, and  which  are  especially,  even  vitally,  interested  in  the  opening  of  a  cut 
through  the  beach.  Professor  Whiting,  in  his  report  in  Coast  Survey,  volume  of  1869, 
speaks  on  this  point  as  follows :  ''The  question  of  how  much  this  pilotage  and  fishing 
interest  is  worth,  of  what  the  value  of  the  former  may  be  to  the  genwal  security  of 
navigation,  I  will  not  presume  to  answer.  It  is  not,  however,  an  unreasonable  suppo- 
sition that  within  one  year  from  opening  an  inlet  and  making  such  a  channel-way,  a 
vessel  in  distress  outside  may  be  saved  oy  a  pilot  reaching  her  through  this  chanaed, 
and  that  the  value  of  the  vessel  and  her  cargo  may  be  worth  as  much  or  wore  than 
the  amount  it  will  cost  to  make  the  channel- way.  This  is  apart  from  the  question  of 
tbe  saving  or  loss  of  life.''  There  are  but  few  boats  engaged  in  tbe  fisheries  of  this  place, 
and  the  receipts  therefrom  small,  though  sufficient  to  support  perhaps  twenty-five  men. 
While  our  sympathies  are  certainly  aroused  for  this  brave  and  hardy  class  of  men  thus 
deprived  of  their  accustomed  means  of  livelihood,  they  should  not  so  far  prejudice 
our  minds  as  to  lead  us  to  consider  this  class  diiferently  from  any  other  set  of  men 
obliged  to  give  up  a  non-paying  business.  This  interest  does  not,  thus  considered,  seem 
to  warrant  a  laree  appropriation  for  the  opening  of  a  channel  through  the  beach  ;  and 
the  same  might  be  said  of  tbe  pilotage  interest.  Coasters  are  too  much  afraid  of  the 
shoals  south  of  Martha's  Vineyard  and  Nantucket  ever  to  run  any  risk  of  getting  there, 
and  all  strangers  are  cautioned  against  them.  A  vessel  drifting  on  to  them  unawares 
would  sooner  put  to  sea  than  wait  in  their  vicinity  for  a  pilot.  It  is  doubtful  if,  in 
weather  too  rough  for  a  vessel  to  put  to  sea,  any  of  the  pilots  of  this  island  could  reach 
her.  Still,  this  remains  an  undisputed  fact,  that  if  an  appropriation  by  Congress  were 
made,  and  the  attempt  to  open  the  beach  should  succeed,  and  this  opening  should  re- 
main until  some  vessel  so  heavily  laden  as  to  be  unable  to  put  to  sea  should  be  caught, 
then,  if  it  were  not  too  rough,  a  pilot-boat^from  Edgartown  might  succeed  in  reaching 
her  antl  taving  a  cargo  worth  more  than  the  opening  had  cost,  and  the  lives  of  men  of 
incalculable  value. 

In  conclusion,  I  see  no  need  of  treating  this  harbor  any  differently  from  numerons 
others  in  your  department  with  one  entrance,  and  consider  the  most  certain  and  effi- 
cient improvement  of  the  harbor  would  accrue  from  the  removal  of  the  '*  middle- 
ground"  by  dredging. 

I  left  Edgartown  and  reported  at  this  office  November  18,  leaving  the  tool-house  and 
dock  standing,  and  having  stored  tbe  scrapers,  tools,  &c.,  with  Charles  Stewart,  ou 
the  plains,  and  the  office-furniture  with  Mr.  C  B.  Marchant,  collector  of  customs. 

I  was  assisted  in  this  work  bv  Mr.  W.  P.  Jewett,  assistant  engineer,  and  Mr.  S.  E. 
Tiukham,  assistant  engineer,  who  faithfully  performed  the  duties  assigned  them ;  as 
did  also  Messrs.  W.  H.  King,  George  G.  Cleveland,  and  Melatoah  Mayhew,  of  Edgar- 
town.  I  am  indebted  to  many  other  citizens  of  Edgartown  for  their  good  intentions 
and  assistance. 

Very  respectfully, 

H.  S.  Van  Ingkn, 

Ciril  Engiuetr. 

Maj.  G.  K.  Warrex, 

Corps  of  Engineers,  Bvt,  Maj.  Gen.  U.  S.  A. 


X3. 
WAREHAM  HARBOR,  MASSACHUSETTS. 

At  the  close  of  my  last  annual  report,  August  30,  1873,  the  dredging 
operations  under  the  appropriation  of  $10,000,  approved  June  10,  1872, 
had  just  been  finished;  those  under  the  appropriation  of  $10,000,  ap- 
proved March  3,  1873,  were  beguu  September  1.  Everything  in  regard 
to  i^roposals,  &c.,  for  doing  this  work  was  given  in  my  last  annual  i*e- 
port. 

Before  any  improvement  was  made  here,  a  depth  of  7J  feet  at  mean 
low-water,  (Hi  feet  at  high-water,)  was  the  greatest  depth  that  could 
be  found  over  the  bars,  and  only  in  very  high  tides  coukl  the  latter 
depth  be  found  over  the  ridge  just  below  the  wharves.  The  channel 
was,  besides,  so  very  crooked,  and  the  form  of  the  harbor  such  that  ves- 
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sels  could  only  sail  up  or  down  witb  favorable  winds,  and  the  business 
of  the  town  not  warranting  a  tug,  navigators  were  subjected  to  vexatious 
delays  and  losses. 

From  the  first  I  deemed  it  better  to  improve  the  channel  by  cutting 
off  the  points  and  lessening  the  bends  than  to  attempt  to  cut  through 
the  points,  which  had  been  suggested  as  an  alternative  proposition.  I 
believed  that  more  immediate  good  could  be  obtained  by  the  course  I 
adopted  than  by  the  other,  and  that  the  channel  thus  improved  would 
be  more  permanent  than  the  other,  as  being  less  artificial,  and  more 
nearly  what  the  result  of  the  combined  natural  causes  had  i>roduced. 

The  survey  which  1  ordered  in  the  spring  of  1873  confirmed  my  first 
determination  by  showing  the  greater  feasibility  of  the  course  than  1 
had  at  first  thought.  The  depth  of  water  to  be  given  the  improved  chan- 
nel was  fixed  at  9  feet  at  mean  low-water. 

The  first  appropriation  of  $10,000  was  suflScient  to  complete  a  chan- 
nel 200  feet  wide,  through  a  ridge  connecting  the  east  shore  with  the 
main  portion  of  Quahaug  Bar,  of  which  it  may  be  said  to  have  formed  a 
part,  thus  affording  a  tolerably  straight  i>assage  around  the  main  por- 
tion of  the  bar,  which  was  not  touched.  Dredging  was  also  begun  on 
the  upper  bar. 

With  the  second  appropriation  of  810,000  dredging  was  continued  on 
the  upper  bar  until  the  funds  were  exhausted,  November  25,  1873.  A 
channel  about  120  feet  wide  was  made  around  the  upper  bar,  and  the 
depth  of  9  feet  extended  up  to  the  town,  leaving  a  channel  nowhere  of 
less  width  than  60  feet. 

A  large  rock,  weighing  28  tons,  was  also  removed  from  the  channel. 

The  amount  of  material  removed  during  the  working  season  of  1873, 
under  both  appropriations,  which  includes  all  that  has  so  far  been  done 
besides  the  new  survej'  and  map,  is  as  follows : 

Cubic  yards. 

FroDi  near  Qnahaujf  Bar 2l,i*()*2 

From  uear  upper  bur  aud  up  to  the  wharves ^4,901 

Total 4(5,763 

Also,  one.  rock  from  the  channel,  28  tons.  During  the  past  winter, 
among  other  work,  survey  made  by  Mr.  Yan  Ingen  was  plotted  and 
the  map  finished.  It  is  sent  with  this  report  attached  to  the  report  of 
Mr.  Van  Ingen,  under  whose  superintendence  the  improvement  has 
been  conducted. 

The  further  improvement  of  this  harbor  will  require  dredging  at  Qua- 
haug Bar,  to  remove  points  where  there  is  less  depth  than  9  feet  at  mean 
low-water,  so  as  to  niake  the  channel  there  200  feet  wide  and  9  feet 
deep;  to  remove  a  shoal  opposite  Barney's  Point.;  to  remove  the  main 
point  of  the  upper  bar  and  to  widen  above  it,  so  as  to  make  the  9-foot 
channel  at  least  100  feet  wide  in  the  straight  portions  and  a  somewhat 
gi'eater  width  at  the  oends,  to  compensate  for  the  greater  room  required 
by  vessels  in  turning. 

The  outlines  of  the  required  channel  are  shown  on  the  accompanying 
map. 

In  the  report  of  the  first  survey,  made  in  October,  1871,  was  one  estimate 
for  removing  ledge  and  bowlder  in  Weweantic  Eiver  of  $3,000.  It  does 
not  seera  now  that  the  removing  of  these  properly  belong  to  the  improve- 
ment of  Wareham  Harbor,  but  there  are  rocks  in  the  channel  leading  to 
Wareham  Harbor  just  off  the  mouth  of  the  AYeweantic  Eiver,  which 
have  never  been  examined  by  us,  and  which  should  be  removed,  if 
practicable.    We  provisionally  estimate  the  removal  of  these  at  83,000. 
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The  location  of  them  is  sbown  by  four  buoys,  and  the  place  is  known 
to  navigators  as  ''  Pour  Buoys." 

The  following  is  the  estimate  of  the  amount  of  work  still  required  for 
the  improvement  of  Wareham  Harbor,  as  far  as  present  interests  will 
justify : 

Dredging  on  upper  bar  and  vicinity,  24,107  cubic  yards,  at  35  cents $8, 437  45 

Dredging  opposite  Barney's  Point,  1,401  cubic  yards,  at  35  cents 490  35 

Dredging  Quahaug  Bar  and  vicinity,  15,678  cubic  yards,  at  35  cents 5, 487  30 

Removal  of  rocks  at  Four  Buoys,  (api)roximate) 3, 000  00 

Engineering  and  contingencies 2,5cf4  90 

20,000  00 

Amount  on  hand,  (appropriation  api)roved  June  23, 1874) ^10,000  00 

Amount  required  in  addition 10,000  Hi} 

It  is  proposed  to  do  this  work  by  contract.  Wareham  is  the  center 
of  an  iron-manufacturing  business,  using  a  large  quantity  of  iron  and 
coal,  nearly  all  of  which  is  brought  in  through  this  channel. 

This  harbor  is  a  port  of  delivery.  It  is  in  the  New  Bedford  collection-district,  and 
New  Bedford  is  the  nearest  port  of  entry.  The  amount  of  revenue  coUected  there 
during  the  fiscal  year  ending  June  30,  1874,  was  ^21,095.47. 

Financial  statemeiiU 

Balance  in  Treasury  of  United  States  July  1, 1873 $15, 000  00 

Amount  in  hands  of  officer  and  subject  to  his  check,  (including  $152.09  per- 
centage due  on  contracts  not  yet  completed) 2,251  03 

Amount  appropriated  by  act  approved  June  23,  1874 10,  OCH)  00 

Amount  expended  during  the  fiscal  ^ear  ending  June  30,  1874 17, 157  11 

Amount  available  July  1, 1874 10,093  92 

Amount  required  for  the  fiscal  year  ending  June  30, 1^76 10, 000  00 


Report  of  Mr.  JET.  5.  Van  Ingenj  Assistant  Engineer, 

Engineer  Office,  United  States  An^kiY, 

Newport f  U,  L,  July  1,  1674. 

General:  I  have  the  honor  to  submit  the  following  report,  with  map  of  operations 
for  the  improvement  of  Wareham  Harbor,  Massachusetts,  from  April  1, 1873,  to  the  end 
of  the  fiscal  year  ending  June  30,  1874,  prosecuted  in  accordance  with  acts  of  Congress 
approved  June  10, 1872,  and  March  3, 1873,  appropriating  .$10,000  each  for  this  purpose. 

Wareham  is  a  town  of  about  3,000  inhabitants,  scattered  over  a  large  section  of 
country,  and  is  the  center  of  quite  an  important  iron-manufacturing  bnsiness.  It  is 
located  at  the  head  of  Wareham  Harbor,  or  River,  which  empties  into  the  upper  end 
of  Buzzard's  Bay.  Next  to  New  Bedford,  it  is  the  most  important  port  ajiproached 
through  this  bay^  Within  its  limits  are  situated  one  rolling-mill  and  three  nail-works 
in  active  operation,  representing  a  capital  of  $630,000,  and  doin^;  a  business  during  the 
fiscal  year  ending  June  30,  1873,  of  $1,190,000.  During  this  time  they  received 
37,647  tons  of  coal,  iron,  and  other  materials — aU  of  this,  except  about  5,500  tons 
of  coal,  from  the  provinces — and  a  larjare  part  of  their'  products  passed  through  this 
harbor.  The  provincial  coal  used  by  the  Tremont  Nail  Company,  three  miles  distant, 
came  in  vessels  drawing  too  much  water  for  this  place,  and  nad  to  be  landed  at  Fair- 
haven  and  brought  thence  to  Tremont  by  rail  at  extra  expense.  The  deepening  and 
straightening  of  the  channel  in  Wareham  Harbor  will  render  this  unnecessary.  A.  S. 
Gurney  &  Co.  do  a  grain  and  miscellaneous  business  of  about  $100,000  a  year,  entirely 
by  water.  These,  in  addition  to  the  general  merchandise  business  of  the  place,  con- 
stitute the  traffic  interested  in  this  improvement.  The  number  of  arrivals  at  this  port 
in  a  year  is  about  225  v  essels,  all  sailing  up  to  the  wharves.  Before  the  late  dre<lging 
there  was  often  much  delay  in  sailing  up,  but  when  the  harbor  shall  have  been 
thoroughly  improved,  it  will  be  readily  accomplished. 

By  your  direction,  I  assumed  charge  of  this  work  April  7,  1873,  with  instructions  to 
make  a  detailed  survey,  and  superintend  the  improvements.  The  maps  in  yonr  posses- 
sion were  not  sufficiently  full  to  serve  as  a  guide  for  practical  work.  From  April  8  to 
19  was  spent  in  making  an  examination  and  so  much  of  the  survey  of  the  harbor  as 
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was  necessary  for  the  laying  out  of  the  work.  I  then  returned  to  Newport  and  plotted 
the  notes  before  the  dredging  was  commenced.  The  survey  was  completed  during  the 
month  of  June  while  work  was  in  progress. 

The  contract  for  dredging  under  the  first  appropriation  was  given  July  30, 1872, 
to  the  lowest  bidder,  Mr.  M.  F.  Brainard,  of  Albany,  N.  Y.,  at  34^  cents  per  cubic 
yard,  he  to  commence  October  1, 1872,  and  finish  June  30, 1873.  His  dredge  was  stopped 
by  you  on  the  way  to  Wareham,  and  employed  on  special  work  until  the  spring  of  li573, 
and  his  time  for  completion  extended  to  September  1, 1873.  The  contract  under  the 
liecond  appropriation  was  given  to  the  same  party  May  6, 1873,  for  36f  cents,  (the  lowest 
bid,)  work  to  be  begun  September  1,  lrt73,  and  completed  June  30, 1874.  Work  under 
these  contracts  was  commenced  June  14, 1873,  and  prosecuted  with  due  diligence  until 
November  25,  when  the  funds  available  for  this  purpose  were  expended.  The  survey 
made  had  developed  the  fact  that  not  as  much  water  by  from  1  to  3  feet  could  be  carried 
over  the  bars  as  was  reported.  The  most  important  fact  discovered,  however,  was  the 
existence  of  a  hard  sand-ridge,  with  5  feet  of  water  on  it  at  mean  low- water,  extending 
from  the  red  buoy  at  Quahaug  Bar  to  the  point  on  the  east  shore,  thus  cutting  off  the 
connection  between  the  deep  water  above  and  below  it ;  the  former  maps  had  given  a 
passage  through  this  with  11^  feet  of  water  at  low-water.  The  channel  used  was  very 
crooked,  and  not  more  than  7^  feet  deep  at  mean  low-wat«r  in  the  shoalest  part.  In- 
stead, therefore,  of  straightening  this  or  of  making  an  entirely  new  one  through  the. 
middle  of  Qnahang  Bar,  both  of  which  plans  were  given  in  General  Thorn's  last  report 
on  this  work,  I  concluded,  with  your  sanction,  to  make  a  cut  through  the  ridge  men- 
tioned above.  A  channel,  about  200  feet  wide  and  9  feet  deep  at  mean  low- water,  was 
made,  thus  enabling  vessels  to  take  nearly  a  straight  courae,  after  turning  the  black 
buoys,  up  to  Barney's  Point.  On  the  completion  of  this  channel  the  straightening  and 
deepening  of  the  channel  around  and  above  the  upper  bar  were  carried  ou  as  long  as 
the  money  allowed.  A  channel,  60  feet  wide  in  it«  narrowest  part,  and  9  feet  deep  ut 
mean  low-water,  was  made  from  the  town  wharves  down  to  the  black  buoy,  and  6  cuts, 
120  feet  wide,  were  made  around  the  point  at  this  buoy.  During  the  i)rosecution  of 
dredging,  a  rock  weighing  28  tons,  too  large  to  be  moved  by  the  dredge,  was  encoun- 
tered opposite  the  Frauconia  Iron  Works  wharf.  It  was  raised  by  means  of  a  dump- 
scow,  with  chains  passed  through  the  wells  and  attached  to  bolts  driven  into  it,  and 
floated  ashore  at  high-water. 

The  total  amount  of  work  done,  and  the  expenditure  therefor,  are  given  below. 

Cable  yards. 

Quahaug  Bar  (sand  with  mud  at  lower  part) 21,862.27 

Upper  bar  and  thence  to  wb{|f ves,  (mud,  sand,  and  gravel) 24, 901. 00 

40  763. 27 

2:?.r576.67  cubic  yards,  at  .34^  cents  per  yard ^,237  4.5 

^•ij-'^e.GO  cubic  yards,  at  36f  cents  per  yard 8,410  83 

Removal  of  rock,  28  tons 154  00 


16.«02  28 


The  estimates  hitherto  made  on  this  work  have  been  based  on  a  greater  depth  of 
water  than  is  really  to  be  found  on  the  bars  of  this  harbor.  They  have  been  made,  too,, 
with  a  seeming  preference  for  straight  cuts  through  bars  without  regard  to  the  con- 
tignratiou  of  tne  shores.  This  harbor  consists  of  two  bays  joined  by  a  narrow  passage 
with  another  straight  stretch  above  them.  Below  the  lower  one  runs  a  sand-beach, 
bare  at  low-water,  which  limits  the  entrance  to  the  west  side  of  this  bay.  The  beach 
is  said  to  be  in  constant  motion,  and  a  comparison  of  the  present  one  with  former  maps 
indicates  that  it  is  increasing  in  width.  Whether  the  extreme  point — which  is  the  most 
important  question— is  extending  west,  cannot  be  determined.  Opposite  the  village 
is  a  road  bridge  and  a  railroad  bridge  and  embankment,  with  no  draw,  thus  stopping 
the  upward  progress  of  vessels  and  contracting  the  water-way.  The  two  passages 
through  the  bridges  give  a  total  width  of  165  feet,  about  20  feet  deep  at  low- water. 
This  is  not  as  great  an  obstruction  to  the  outflow  through  the  harbor  as  would  be  sup- 
posed, from  the  fact  that  the  narrowest  cross-section  of  the  straight  portion  opposite 
the  wharves  is  only  200  feet  wide  and  8  feet  deep  at  low-water;  the  depth  of  this,  it 
is  true,  however,  may  be  regulated  by  the  water-way  through  the  bridges.  At  the 
lower  end  of  the  wharves,  this  passage  opens  out  at  once  into  a  broad  bay,  and  the 
water  hitherto  running^  while  ebb,  at  a  rapid  velocity,  is  suddenly  checked,  and 
depositing  its  material  forms  the  upper  bar. 

The  cause  of  the  formation  of  the  lower  or  Qnahang  Bar  is  quite  different.  The 
velocity  of  the  current  between  the  two  bays  is  not  great  enough  to  transport  any 
bat  the  lightest  material,  and  as  a  large  ])ortion  of  the  bar  is  composed  of  sand,  it  must 
have  come  from  other  directions.  Part  may  have  been  brought  down  Crooked  River 
during  freshets. 
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The  boldness  of  the  water  inside  Long  Beach  seems  to  indicate  the  reflection  of  t!ie 
ebb-tide  from  its  north  shore,  scouring  out  the  sand  and  leaving  it  at  the  lower  part  of 
the  bar,  though  the  general  direction  of  the  ebb-current  is  across  the  bar.  Without 
doubt,  however,  this  is  a  "  bulkhead  bar,"  formed  by  the  meeting  of  the  ebb  and  flood 
tides,  and  in  this  respect  distinct  from  the  upper  bar. 

If  the  causes  of  these  bars  are  still  active,  as  supposed  above  from  the  configuration 
of  the  harbor,  then  no  dredging  improvements  in  the  bars  themselves  can  be  perma- 
nent, and  any  straight  cut  through  the  body  of  them  would  rapidly  fill  up.  The  great- 
est advantage  is  to  be  derived  from  deepening  them  on  the  side  next  to  the  channel. 
The  thorough  improvement  of  this  harbor  would  require  the  construction  of  dikes  up  to 
low- water  mark  through  the  two  bays,  so  as  to  keep  the  water-way  nearly  of  the  same 
width  from  Wareham  to  Buzzard's  Bay.  The  business  of  the  place,  however,  does  not 
authorize  any  such  expensive  improvement,  and  I  therefore  recommend  that  dredging 
be  continued  at  the  upper  and  lower  bars,  as  indicated  by  heavy  broken  blue  lines  on 
the  map  accompanying  this  report ;  and  further,  that  work  on  the  upper  bar  be  done 
first.  The  removal  of  rocks  in  Weweantic  River,  for  which  an  estimate  was  formerly 
made,  I  consider  uncalled  for,  as  I  could  not  find  that  the  river  is  used  at  all.  It  is 
also  quite  independent  of  Wareham  Harbor,  and  an  appropriation  for  its  improvement 
should  be  made  specially  for  that  purpose.  Instead  of  it,  however,  I  would  recom- 
mend that  a  number  of  rocks  below  Long  Beach,  mainly  at  the  Four  Buoys,  be  taken 
out,  as  they  are  much  in  the  way  of  vessels  entering  this  harbor.  No  special  examina- 
tion has  yet  been  made  of  them,  as  their  removal  should  constitute  the  last  improve- 
ment, and  the  estimate  therefor  is  only  approximate.  I  would  suggest  that  a  survey 
of  them  be  made  during  the  prosecution  of  improvements  the  next  year. 

The  following  is  an  estimate  of  the  cost  of  future  improvements : 

Dredging  on  the  npper  bar  and  vicinity,  24,107  cubic  yards,  (mud,  sand,  and 
gravel,)  at  35  cents  per  vard $8, 437  45 

Dredging  opposite  Barney's  Point,  1,401  cubic  yards,  (sand  and  mud,)  at  35 
cents  per  yard 490  35 

Dredging  in  Quahaug  Bar  and  vicinity,  15,678  cubic  yards,  (mud  and  sand,) 
at  35  cents  per  yard - 5,487  30 

Removal  of  rocks 3,000  00 

Engineering  expenses  and  contingencies 2,5d4  1R> 

20.000  00 

There  accompanies  this  report  a  map  of  W^areham  Harbor,  on  a  scale  of  TiWt  show- 
ing the  location  of  dredging  operations  of  the  last  year  (shaded  blue)  and  those  pro- 
posed in  the  future,  (indicated  by  heavy  broken  blue  lines,)  and  two  sheets  of  tide- 
observations  kept  in  the  spring  of  1H73.  I  was  assisted  in  my  survey  at  difterent  times 
by  Messrs.  P.  M.  Blake  and  A.  and  W.  B.  Savary,  assistant  engineers. 


Very  respectfully, 


General  G.  K.  Warren, 

Major  of  EngineerSf  U.  S.  A. 


H.  S.  Van  Ingkn, 
Civil  Engineer. 


X4. 
TAUNTON  RIVER,  MASSACHUSETTS. 

At  the  date  cf  my  last  annual  report,  August  30,  1873,  the  removal  of 
bowlders  from  this  river  was  in  progress  ;  it  was  continued  until  Octo- 
ber 10,  when  the  portion  of  the  appropriation  assigned  to  this  puri>ose 
was  expended  ;  it  has  been  productive  of  much  good. 

A  contract  for  dredging,  at  $2  per  cubic  yard,  had  been  made  with 
Mr.  E.  E.  Seward,  of  Albany,  N.  Y.,  he  to  begin  June  1, 1873,  and  com- 
plete November  30,  1873.  His  contract  was  afterward  extended  to  June 
30,  1874,  to  allow  him  time  to  finish  the  work  atXorwalk,  Conn.,  under 
my  charge,  before  beginning  this.  The  dredging  was  diligently  prose- 
cuted from  October  24  to  November  2G,  1873,  and  again  from  March  11 
to  March  31,  1874,  when  the  appropriation  was  expended.  The  sboals 
known  as  Blake's  Table  Rock  and  Sheep  Pen  were  thoroughly  removed, 
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and  H  cat  about  25  feet  wide  and  600  feet  long  was  made  through  Chab- 
bot  Rock  Shoal,  the  depth  of  each  being  9.  feet  at  mean  high-water.  The 
following  is  the  amount  of  work  done : 

Cubic  yards. 

Material  dredfjfed 3,443.42 

Rocks  and  stones  removed 2*24.50 

On  the  completion  of  work  a  survey  was  made  of  the  channel  dredged 
and  of  several  obstructions  near  Dighton,  detailed  examinations  of 
which  had  never  been  made.  The  map  of  these  surveys  and  a  general 
map  of  the  river,  all  on  one  sheet,  are  presented  with  the  report  of  my 
assistant  engineer,  Mr.  H.  S.  Van  Ingeu,  who  has  been  in  charge  of  the 
operations  on  this  river. 

The  future  work  contemplated  is  the  removal  of  the  remainder  of  the 
upper  shoals  by  dredging  and  of  the  obstructions  from  Berkley  bridge 
to  Dighton,  consisting  of  dredgeable  materials  and  rocks. 

The  estimate  for  the  whole  improvement  is  somewhat  increased  over 
that  of  last  year  by  the  addition  of  the  estimate  for  the  shoals  near 
Dighton,  not  before  included,  and  for  other  minor  reasons  stated  in  the 
anoexed  report  of  my  assistant. 

DredgiDZ,  at  $2  per  cubic  yard  for  upper  shoals,  and  50  cents  for  lower..     $16, 470  50 

Removalof  rock,  at  §8  per  cubic  yard , 2,400  00 

Engineering  expenses  and  contingencies 3,129  50 

Total 22,000  00 

Less  appropriation  for  fiscal  year  ending  June  30,  1875 10, 000  00 

For  year  ending  June  30,  1876 12,000  tO 

All  of  this  could  be  advantageously  exi)ended  in  one  year. 

Taunton  River  is  the  channel  for  a  very  important  navigation  and  business  interest. 
It  is  in  the  Fall  Kiver  collection-district,  and  that  place  is  the  nearest  port  of  entry. 
The  amount  of  revenue  collected  there  in  the  fiscal  year  ending  June  30,  1874,  is 
$93,128.23.  « 

Financial  statement. 

Balance  in  Treasury  of  United  States  July  1,  1873 ;}10,000  00 

Amount  in  bauds  of  officer  and  subject  to  his  check 484  53 

Amount  appropriated  by  act  approved  June  23,  1874 10, 000  Of) 

Amount  exi>ended  during  the  fiscal  year  ending  June  30,  1874 10, 387  58 

Amount  available  July  1,  1874 10,006  95 

Amount  required  for  the  fiscal  year  ending  Juno  30,  1876 12, 000  (»0 


Report  of  Mr,  f£.  S.  Fan  Ingen,  Assistant  Engineer. 

Engineer  Office,  United  States  Army, 

'     Xewiwrtj  II,  I.J  July  1,  1874. 

Gexerai.  :  I  have  the  honor  to  submit  the  following  report,  with  map,  of  oi)eratious 
for  the  improvement  of  Taunton  River,  Massjichusetts,  for  the  fiscal  year  endio/^ 
Jnne  30,  1874,  prosecuted  in  accordance  with  the  act  of  Congress  approved  March  3, 
1^3,  ap])ropriating  i$  10,000  for  this  purpose. 

In  fulfillment  of  the  agreement  previously  made  with  them,  Messrs.  Stai)les  &  Phillips, 
of  Taunton,  Massachusetts,  commenced  the  removal  of  rocks  from  this  river  July  7, 
1873,  and  continued  it  until  October  10  at  the  rate  of  810  per  cubic  yard.  The  part  of 
the  appropriation  assigned  to  this  work  having  been  then  expended,  operations  were  dis- 
continued. During  this  time  224^  cubic  yards  were  taken  out,  consisting  of  about  75 
large  rocks,  and  the  remainder  stones  of  various  sizes  ;  the  largest  rock  removed  weighed 
aljout  40  tons.  They  were  taken  from  different  points  on  the  river  between  Blake's 
Wharf  and  the  Needles,  more  than  two-thirds  fi-om  the  latter  point ;  these  were  in  part 
left  from  the  dredging  of  the  Needles  in  1871,  some  of  the  largest  having  been  dug 
around  but  not  removeil,  and  others,  mostly  lai-ge  stones,  having  been  pushed  by  the 
dredge  on  the  side  ridges.    These  htid  greatly  annoyed  vessels  and  scows,  especially  in 
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swinging  around  the  turn,  and  had  ^ven  rise  to  the  belief  considered  erroneous  in  my 
report  ot  laat  year,  that  more  dredging  was  required  at  the  Needles.  The  amount  of 
rocks  and  stones  removed  far  exceeded  my  inspections,  so  that  the  money  was  gone 
before  the  Nook  and  other  points  further  down  the  river  were  reached.  The  rocks  were 
conglomerates  and  impure  granites.  The  stones  and  small  rocks  were  removed  with  the 
Bteamrengine  of  a  pile-driver,  lewis-bolts  being  driven  into  the  rocks  and  tongs  being 
placed  around  the  stones.  The  large  rocks  were  taken  out  in  the  following  maaner : 
Two  dump-scows  were  joined  by  a  king-jwst  truss,  from  which  heavy  chains  were 
suspended.  A  rock  having  been  dinlled  and  a  lewis-bolt  driven  into  the  bole,  the 
scows  were  placed  over  it  at  low-water,  and  the  chains  placed  around  the  arrow-head 
of  the  bolt.  As  the  tide  rose  the  rock  was  lifted  from  its  bed,  the  force  due  to  the  rise 
of  the  tide  l^eing  assisted  by  large  jack-screws  supported  by  the  truss  ;  the  rock  was 
raised  to  the  surface  of  the  water  by  these  means.  At  high-water  the  scows  were 
hauled  close  to  the  shore  and  the  rock  deposited  out  of  the  way.  Increased  power  was 
"  also  obtained,  in  starting  a  rock  from  its  bed,  by  partially  filling  the  air-chambers  of 
the  scows  with  water  before  taking  hold  of  the  rock  and  pumping  them  out  after- 
ward. Many  of  the  rocks  and  stones  were  placed  on  scows  and  carried  to  Taunton 
>for  wharf-fronts.    The  price  paid  insured  the  contractors  reasonable  profit. 

A  contract  had  been  made  with  Mr.  E.  R.  tieward,  of  Albany,  New  York,  to  dredge  in 
Taunton  River  at  $2  per  cubic  yard  for  all  material  removed,  he  to  begin  June  1,  1873, 
and  complete  the  work  November  30,  1873.  This  contract  was  afterward  so  changed 
•as  to  allow  him  to  begin  on  the  completion  of  his  work  at  Norwalk,  Connecticut,  under 
your  charge,  and  to  finish  by  June  3U,  1874.  The  dredging  was  commenced  October  24, 
and  prosecuted  with  great  diligence  until  November  2H,  when  ice  caused  a  cessation 
■of  oi>erations.  During  this  time  the  shoals  known  as  Biake*s,  Table  Rock,  and  Sheep 
Pen  were  removed,  and  the  dredging  of  Chabbot  Rock  begun. 

Operations  were  resumed  March  11,  1874,  and  continu^  until  the  available  funds 
were  expended,  March  31.  A  clear  channel- way,  9  feet  deep  at  mean  high- water,  and 
of  the  requisite  width,  according  to  location,  was  made  through  all  these  shoals,  except 
the  last ;  only  one  cut  about  25  feet  wide  and  600  feet  long  could  be  afforded  through 
this.  The  total  amount  of  material  removed  is  3,443.42  cubic  yards  ;  it  was  much  the 
same  as  that  found  in  previ<*us  shoals,  except  that  the  rocks  were  less  numerous ;  at 
the  lower  part  of  Chabbot  Rock  Shoal  a  very  hard  clay  was  met.  All  material  except 
large  rocks  was  dumped  opposite  Somerset ;  the  rocks  were  placed  well  out  of  the  way 
back  from  the  channel,  whence  they  will  doubtless  soon  be  removed  for  wharf- walls. 

Notwithstanding  the  price  was  so  much  smaller  than  that  paid  for  previous  work, 
$5  per  cubic  yard  in  1871  and  $3.45  in  1872,  good  wages  were  made,  because  a  stoat 
and  well-equipped  dredge  was  used  for  the  purjiose. 

While  it  cannot  certainly  be  ascertained,  except  by  an  impracticable  number  of 
borings,  how  large  a  proportion  of  the  remaining  shoals  consists  of  rocks,  yet  from  the 
borings  made  they  are  judged  to  be  of  about  the  same  composition  as  those  previously 
removed,  with  a  probability  of  a  le.ss  number  of  rocks.  The  price  allowed  for  futun? 
work,  therefore,  should  not  exceed  $2  per  cubic  yard,  and  it  can  doubtless  be  done  for 
somewhat  less,  though  the  ditliculty  of  getting  rid  of  the  material  will  be  the  same. 

On  the  completion  of  work  in  April,  I  made  a  survey  of  the  channels  dreclged,  of  the 
shoal  above  Berkley  Bridge  and  vicinity,  of  the  obstructions  at  the  Nook  opposite 
Wickamount,  and  at  Babbit's,  now  called  Peter's  Point,  above  Dighton,  and  of  the 
shoal  opposite  Cobb*s  Wharf,  at  that  village.  These  are  points  at  which  no  detailed 
examinations  had  ever  been  conducted,  and  for  the  removal  of  which  obstruction;* 
only  approximate  estimates  had  been  made.  The  survey  was  completed  Apiil  14,  and 
the  map  thereof  accompanies  this  report. 

Berkley  Bridge,  connecting  the  townships  of  Dighton  and  Berkley,  has  been  rebnilt 
since  my  last  r('i)ort.  The  old  one  was  removed  some  years  ago,  but  the  piers  were 
never  tlioroughly  taken  away.  The  new  bridge  is  a  (jueen-post  truss,  with  a  Howe- 
truss  draw  150  feet  long.  It  rests  on  eight  piers,  including  the  pivot-pier.  The  width 
of  each  draw-span  was  intended  to  be  GO  feet  in  the  clear;  it  is  that  between  stone- 
work, but  the  width  available  for  vessels  between  fender-jnling  is  about  50  feet.  The 
pivot-pier  is  on  the  west  side  of  the  river,  one  end  of  the  draw  resting  on  the  west 
abutment.  The  east  draw-span  is  the  only  one  open  to  navigation,  and  is  boat  situattnl 
with  reference  to  the  direction  of  the  channel  above  and  below  the  bridge.  The  *ve>t 
draw-span  is  obstructed  by  the  remains  of  an  old  pier,  having  4^  to  5  feet  of  water  over 
it  at  mean  high-water.  The  deepest  water  above  the  bridge  connect*  with  this  span,  aud 
there  are  diuibtless  times  when  it  would  be  used  by  vessels  in  preference  to  the  other 
one  were  it  open.  Below  the  bridge  there  is  good  water,  aud  over  10  feet  draught  cau 
be  carried  through  tho  east  draw-span  at  high-water;  the  depth  then  dimiuishes.  and 
about  230  feet  above  a  shoal  of  sand  is  encountered,  having  less  than  9  feet  of  water 
over  it  at  mean  high-water:  it  is  small,  and  above  it  the  depth  gradually  increases  to 
10, 11.  and  12  feet.  This  shoal  may  have  been  formed  by  the  building  of  the  old  bridge. 
•or  it  may  be  due  to  the  increa.sed  width  of  the  river  at  this  point ;  there  are  no  data  to 
<leterniiuc  this. 
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At  the  Nook  the  ohfetructions  consiAt  of  single  rocks.  The  ebb-tide  runs  out  through 
and  over  these  almost  in  rai)idSf  and  vTith  such  velocit}'  as  to  make  it  almost  impossible 
to  row  a  boat  against  it.  A  depth  over  10  feet  at  mean  higli-wat«r  could  be  carried 
through  this  but  for  the  numerous  bowlders ;  no  rocks  were  found  which  obstructed  a 
channel-way  50  feet  wide  and  9  feet  deep  at  mean  high-water,  though  it  is  possible 
among  the  large  number  that  such  thete  may  he.  Still  there  are  many  rocks  that  need 
to  be  taken  out,  and,  during  their  removal,  any  others  will  be  readily  found.  The  cur- 
rent sweeping  around  the  point  at  the  upper  end  of  the  Nook  carries  vessels,  bound 
down,  over  to  the  east  side  among  the  rocks ;  this  is  especially  the  case  with  unloaded 
ves.se]s  and  scows.  There  is  good  water  close  to  this  point,  but  not  available  on  account 
of  the  "Fisher"  rock  and  others;  were  these  away,  the  tug  could  hug  the  point  more 
closely,  and  keep  the  tow  oif  the  rocks  on  the  east  side.  1  rom  the  "  Fisher"  down  to 
the  red  buoy  at  the  lower  end  of  the  Nook  there  is  a  clear  way.  Here  are  numerous 
rocks,  mainly  on  the  Tjrest  side,  with  from  6  to  9  feet  of  water  over  them  at  mean  high- 
water:  one,  nearly  in  the  middle,  has  just  9.1  feet  on  it,  and  possibly  worse  oies  still 
may  have  been  missed.  These  are  very  dangerous  to  navigation,  aud,  not  on'y  this, 
they  doubtless  imx>ede  greatly  the  rise  of  the  tide. 

In  the  next  turn  below  this,  between  Wickamount  and  the  railroad  bridge  across 
the  creek,  is  a  shoal  of  gravel  and  sand,  with  an  occasional  bowlder.  It  is  nearly  in 
the  middle  of  the  river,  in  the  angle  formed  by  the  confluence  of  the  ebb  currents 
from  the  river  and  creek.  At  mean  high-water  from  8^  to  9  feet  draught  can 
Jje  carried  over  the  actual-  bottom,  though  this  is  somewhat  diminished  by  projecting 
rocks  and  stones.  By  keeping  close  to  Wickamount  it  can  be  avoided,  but  the  tendency 
of  the  current  is  to  swoop  vessels  on  to  it. 

From  Wickamount  to  Peter's  Point  there  is  a  good  channel,  with  from  10  to  15  feet 
of  water  at  high- water.  The  shores  here  are  covei*ed  witlte bowlders,  and  the  whole 
topography  indicates  rock  formation.  The  east  shore  seems  to  be  a  continuous 
ledge,  out-cropping  on  the  extreme  end  of  Peter's  Point,  dipping  southwest.  A  pro- 
jection of  this  forms  Reuben^s  Island,  and  a  rock  6  feet  below  high-water,  between 
this  island  aud  the  black  buoy  on  the  same  range,  was  stated  to  be  probably  another 
ont'Crop  of  this  by  Lieutenant  Quinn,  United  States  Engineers,  in  his  communi- 
cation to  Lieutenant-Colonel  Thom,  United  States  Engineers,  dated  September  5, 
l*f71.  I  am  not  certain  that  I  found  the  particular  rock  referred  to  by  him,  but  as  the 
locality  is  full  of  scattering  bowlders,  consider  it  quite  as  probable  that  the  rock  is  of 
this  character;  experiment  alone  can  determine  this.  My  attention,  however,  was 
drawn  especially  by  navigators  of  the  river  to  that  portion  of  the  ledge  on  the  extreme 
end  of  Peter's  Point,  and  another  out-crop  100  feet  north,  dipping  west  across  the  r  ver. 
The  ledge  dips  at  such  an  angle  as  to  give  over  a  10-foot  draught  of  water  from  near 
the  shore  150  feet  out ;  this  full  width,  however,  is  not  available  on  account  of  the 
numerous  projecting  rocks,  supposed  by  me  to  be  bowlders ;  these  limit  the  channel, 
9  feet  deep  at  mean  high-water,  to  65  feet  in  width.  Farther  west  are  several  rocks 
with  less  water  on  them,  while  some  in  this  contracted  width  have  little  water  to 
spare  over  them.  The  removal  of  rocks  at  this  point  would,  I  think,  render  unneces- 
sary any  work  between  the  black  buoy  and  Reuben's  Island. 

From  Peter's  Point  the  depth  continues  from  10  to  15  feet  at  high-water,  down  below 
the  red  bnoy,  thence  a  shoal  extends  to  the  upper  end  of  Cobb's  Wharf,  due  to  the 
bodden  widening  of  the  river  here. 

This  completes  the  examination  of  the  river  from  Taunton  to  Dighton.  Between 
Dighton  and  Somerset  is  sufficient  water,  it  is  stated,  to  accommodate  the  wauts  of 
navigation,  certainlj-  as  far  as  the  city  of  Taunton  is  concerned,  by  the  exertions  of 
whose  citizens  the  past  appropriations  have  been  obtained.  In  making  the  surveys  of 
obstructions  to  navigation  it  has  been  my  purpose  mainly  to  determine  whether  they 
consist  of  dred^able  material,  or  simply  of  rocks ;  if  of  the  former,  to  obtain  data 
snthcient  t«»  estmiate  the  cost  of  their  removal ;  if  of  the  latter,  to  ascertain  their  gen- 
eral location  and  number,  aud  to  determine  whether  they  are  bowlders  or  parts  of 
ledges.  To  have  examined  and  located  each  rock  in  this  river,  where  they  are  so 
liumerons,  would  have  taken  too  much  time,  without  commensurate  advantages. 

The  following  is  a  summary  of  the  work  accomplished  during  the  past  year,  and 
of  the  expenditures  therefor : 

Rocks/224^  cubic  yards,  at  $10 $2,245  00 

Material  dredged,  (sand,  gravel,  clay,  and  rocks,)  3,443x*i,V  cubic  yards,  at  $2 

per  cubic  yard 6,886  84 

Total 9,131  84 

A  description  of  the  manner  in  which  the  navigation  of  the  Taunton  River  between 
Dighton  and  Taunton  is  conducted,  is  necessary  to  an  understanding  of  the  needs  of 
the  river  aud  the  best  plan  for  future  operations.  Vessels  are  almost  invariably  towed 
up  and  down,  four  tow-boats  being  employed  in  this  business.  The  steamers  with 
their  vessels  aud  scows  start  from  Dighton  as  soon  after  the  flood-tide  has  made,  as 


Digitized  by  LjOOQ  IC 


224         REPORT  OF  THE  CHIEF  OF  ENGINEERS. 

they  can  cross  the  shoals  and  rocks  at  the  lower  part  of  the  river;  this  they  cannot 
now  do  more  than  about  one  hour  before  high-water  at  Dighton  ;  they  then  reach  the 
upx)er  shoals  a  little  before  high-water,  and  on  arriving  at  Weir  must  quickly  break  np 
one  tow  and  reform  a  new  one ;  by  this  time  the  tide  is  about  turning  at  Weir  and  has 
been  running  out  at  Dightou  for  nearly  three-quarters  of  an  hour.  The  tow  has  good 
"Water  over  the  upper  shoals,  but  by  the  time  the  obstructions  nearer  Dighton  are 
reached  the  tide  has  fallen  very  rapidly.  As  none  of  the  tow-boats  draw  over  7  feet, 
they  can  pass  over  the  rocks  and  shoals,  and  as  vessels  outward-bound  are  usually 
unloaded  or  lightly  loaded,  tbe  tows  succeed  iu  getting  out,  though  often  only  by  drag- 
ging over  the  obstructions.  But  when  a  tug  cames  up  a  vessel  drawing  all  the  water 
available  on  the  upper  shoals,  being  detained  later  at  the  lower  ones,  she  does  not 
reach  the  upper  ones  till  the  last  of  high- water  slack;  then  if  the  same  tug  has  a 
loaded  vessel  to  take  out,  they  are  late  for  even  the  upper  shoals,  and  very  late  for 
those  near  Dighton,  as  the  tide  will  have  fallen  about  2  fe^t  when  that  place  is 
reached. 

I  have  gone  thus  into  detail  to  show  that  a  9-f'>ot  depth  of  water  over  each  shoal,  at 
its  respective  high-wat«r,  is  not  equivalent  to  affording  vessels  a  9-foot  draught  from 
Dighton  to  Taunton  and  back.  If  the  upper  shoals  be  removed  to  9  feet  below  mean 
high-water,  then  the  obstructions  from  Berkley  Bridge  down  to  Dighton  should  be 
cleared  away  to  a  depth  of  10  feet  at  least  at  the  same  stage  of  tide.  The  estimates 
that  follow  are  based  on  this  view  of  the  matter,  and  their  increase  over  the  partially 
approximate  ones  of  last  year,  before  detailed  surveys  bad  been  made,  is  due  to  this 
change  and  to  the  possession  of  more  accurate  data.  The  increase  of  the  estimates  for 
the  removal  of  the  upper  shoals  arises  from  the  fact  that  it  has  been  found  impossible 
to  dredge  these  to  9  ^et  depth,  removing  all  rocks,  without  going  at  least  1  foot 
below  this,  so  that  to  give  a  9-foot  draught  at  mean  high-water  allowance  mast  be 
made  to  dredge  to  10  feet. 

The  following  is  an  estimate  of  the  cost  of  future  improvemeuts,  and  includes,  I 
think,  all  the  work  needed  to  be  done  between  Dighton  and  Taunton  to  enable  vessels 
to  carry  9  feet  between  these  places  at  mean  high-water.    The  proposed  dredging  is 
shown  on  the  accompanying  map  by  heavy  broken  blue  lines  : 
(1.)  Chabbot  Rock  Shoal,  to  complete  three  cuts,  61  feet  wide  and  9  feet  deep 
at  mean  high- water,  3,217  cubic  yards,  (sand,  gravel,  clay,  and  rocks,) 

at  $2  per  cubic  yard $6, 434  (K) 

(2.)  "The  Brothers"  Shoal,  to  make  three  cuts,  same  as  above,  1,803  cubic 

yards,  (sand,  gravel ,  clay,  and  rocks, )  at  $2  per  cubic  yard 3, 606  00 

(.3.)  John  R.'s  Shoal,  to  make  two  cuts,  43  feet  wide  and  9  feet  deep  at  mean 
high-water,  552  cubic  yards,  (sand,  gravel,  clay,  and  rocks,)  at  $2  per 

cubic  yard 1,104  00 

(4.)  Points  between  Chabbot  Rock  and  Phillips's  wharf,  so  as  to  give  a  chan- 
nel 43  feet  wide  and  9  feet  deep  at  meau  high-water,  1,353  cubic  yai*ds, 

(sand,  gravel,  clay,  and  rocks,)  at  $2  per  cubic  yard 2, 700  0<> 

(5.)  Removal  of  scattering  rocks  from  the  wharf  below  the  Needles  down  to 
Dighton,  especially  in  the  Nook  and  op]>o8ite  Peter's  Point,  so  as  to 
give  a  10-foot  draught  of  water  at  mean  high- water,  300  cubic  yards, 

at  8H  per  cubic  yard 2,400  Oi> 

(6.)  Cobb's  Wharf  Shoal,  dredging  a  channel  80  feet  wide,  10  feet  deep,  at 

mean  high- water,  1,407  cubic  yards,  (sand,)  at  50  cents 703  50 

(7.)  Wickamount,  dredging  out  of  shoal  10  feet  deep  at  mean  high- water, 

l,d:i5  cubic  yards,  (sand  and  gravel,)  at  50  cents 917  50 

(8.)  Berkley  Bridge,  dredging  three  cuts  65  feet  wide  and  10  feet  deep  at 

mean  high-water,  1,675  cubic  yards,  at  50  cents e37  50 

Removal  of  old  pier  in  west  draw-span  to  10  feet  deep  at  mean  high-water, 

81  cubic  yards,  at  .^2 16*i  OO 

Total l5<,^70rx) 

Engineering  expenses  and  contingencies 3, 129  '^0 

Total  cost  of  improvemeuts 2U,  IKX»  00 

These  estimates  are  made  in  the  order  in  which  the  obstructions  to  which  they  relate 
should  be  removed.  The  fourth  one,  for  the  removal  of  points  between  Chabbot  Kock 
and  Phillips's  wharf,  was  not  made  last  year  because  8^  to  9  feet  at  mean  higb-watei 
could  be  carried  over  them,  and  it  was  Loped  that  the  removal  of  rocks  and  the  in- 
creased rise  of  tide  resulting  from  the  clearing  away  of  the  obstructions  lower  dovrn 
the  river  would  render  work  at  these  points  unnecessary.  It  is  now  included  in  the  li>*t 
in  order  that  these  estimates  may  be  comprehensive  of  contingencies,  it  Ijeiug  placed 
last  among  the  up-river  improvements. 

I  would  recommend  that  tbe  .'§10,000  appropriated  for  the  next  fiscal  year  shouUll)* 
expended  entirely  in  dredging  and  be  applied  to  the  removal  of  Chabbot  Rock  Shoal, 
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and  the  making  of  two  cnte  through  *'  The  Brothers''  Shoal.  According  to  the  ahove 
estimates,  at  $2  per  enhio  yard,  this,  with  contingencies,  would  just  about  exhaust  the 
appropriation.  Should  the  price  bid  be  lens,  I  would  suggest  that  the  balance  of  the 
appropriation  be  nst^d  in  removing  John  R.'s  Shoal,  leaving  the  third  cut  through 
"The  Brothers  ""Shoal  to  be  made  the  following  year. 

There  accompanies  this  report  a  map  in  one  sheet  on  a  scale  of  r^i  showing  (1) 
the  points  at  which  dredging  has  been  done  during  the  past  year,  Tshaded  blue,)  and 
where  it  is  contemplated  in  the  future,  (indicated  by  heavy  broken  blue  lines;)  (2) 
the  portion  of  the  river  in  the  vicinity  of  Berkley  Bridge,  showing  the  shoal  above  it; 
(3)  the  river  between  the  upper  part  of  the  Nook  and  Cobb's  wharf  at  Dighton,  with 
the  different  obstructions  needing  removal  and  referred  to  above;  (4)  an  index  map 
of  Taunton  River,  Taunton  to  Somerset,  on  a  scale  of  jfhnt  showing  the  relative  posi- 
tions of  the  man,  and  also  the  localities  from  which  rocks  were  removed  during  last 
sommer,  rcross-lined  in  blue ;)  (5)  a  side  elevation  of  Berkley  Bridge  with  a  profile  of 
the  river  bottom  on  its* axis,  on  a  scale  of  7^77. 

I  was  assisted  in  the  survey  by  Messrs.  F.  N.  Lincoln  and  P.  M.  Blake,  civil  engi- 
aeers. 

Very  respectfully, 

H.  S.  Van  Inoen, 
/  Ciuil  Engineer, 

General  G.  K.  Warren, 

Major  of  Engineers f  U.  S,  A. 


X5- 

IMPROVEMENT  OF  FALL  RIVER  HARBOR,  MASSACHUSETTS. 

The  act  of  CoDgress  approved  Juue  23, 1874,  appropriated  $10,000  for 
the  removal  of  bowlders  from  this  harbor.  It  is  proposed  to  expend  this 
in  the  removal  of  bowlders  by  contract  after  advertising  in  the  asual 
manner. 

The  work  will  probably  be  done  this  autumn  and  the  following  spring. 

The  whole  estimate  for  the  improvements  at  this  place  was  $45,000. 
The  present  appropriation  will  probably  enable  us  to  remove  most  of  the 
bowlders,  leaving  the  dredging  and  putting  in  dolphins  to  mark  the 
channel  till  further  means  are  provided. 

It  would  be  most  economical  to  have  all  the  rest  of  the  estimate 
($35,000)  at  one  time,  and  it  could  all  be  advantageously  expended  in 
one  year.  The  full  value  of  removing  the  bowlders  will  not  be  realized 
until  the  whole  work  is  done. 

Fall  River  is  in  the  Fall  River  collection-district,  and  is  a  port  of  entry.  The  revenue 
collected  daring  the  fiscal  year  ending  Jane  30,  1874,  was  $93,128.23. 

Financial  statement 

Amonnt  appropriated  hy  act  approved  June  23, 1874 $10, 000 

AmountavailableJnly  1,1874 10,000 

Amount  required  for  the  fiscal  year  ending  June  30,  1876 35, 000 


X  6. 

NEWPORT  HARBOR,  RHODE  ISLAND. 

The  work,  under  the  appropriation  of  $8,600,  made  March  3, 1873,  was 
commenced  on  the  shoal  lying  between  Lime  Eock  light  and  Goat 
Island,  where  the  water  was  about  12  feet  deep  at  mean  low- water.  Two 
cuts,  giving  a  width  of  50  feet,  were  made  through  this  to  a  depth  of 
15  feet  at  mean  low-water.    The  dredging  was  difficult,  as  the  shoal 
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seeois  tx)  be  composed  of  glacial  drift  overlying  the  slate  rock,  not  far 
below,  fresh  detached  pieces  of  which  were  dredged  np.  These  diffi- 
culties causetl  us  to  suspend  operations  there,  and  remove  to  the  point 
of  a  sand  shoal  at  the  end  of  Goat  Island.  This  was  dredged  off  to  a 
depth  of  12  feet  at  mean  low-water,  and  in  such  a  line  that  vessels  after 
passing  the  black  buoy  can  take  a  direct  course  for  Long  Wharf  without 
grounding.  A  jetty  was  also  built,  about  160  feet  long,  running  out 
southwesterly  from  Goat  Island,  so  as  to  arrest  the  sand  moved  along 
the  shore,  and  prevent  the  point  dredged  off  from  being  again  ex- 
tended. 

None  of  the  material  dredged  was  suitable  for  the  parapets  or  trav- 
erses at  Fort  Adams. 

The  inner  harbor  is  now  so  shoal  at  the  usual  anchorage  and  ap- 
proaches that  it  is  proposed  to  expend  the  recent  appropriation  of 
$10,000  in  deepening  it  here,  where  most  necessary.  The  remainder  of 
the  first  appropriation  will  be  similarly  applied,  a  small  portion  being 
reserved  for  taking  care  of  the  jetty,  and  repairing  any  breaches  that 
may  take  place.  I  transmit  with  my  report  that  of  Mr.  Cotton,  who 
superintended  the  improvement. 

B  Newport  ie  in  Newport  collection- district,  and  is  a  port  of  entr>'.  The  amount  of 
revenue  coUected  during  the  fiscal  year  ending  June  30, 1874,  was  (^,514.94. 

Financial  statement 

Balance  in  Treasury  of  United  States  July  1, 1873 |8,500  00 

Amount  appropriated  by  act  approved  June  23,  1874 10,  000  00 

Amount  expended  during  the  fiscal  year  ending  June  30, 1874 7, 555  81 

Amount  available  July  1,  1874 10,944  19 

Amount  required  for  the  fiscal  year  ending  June  30, 1876 15, 000  00 


Report  of  Mr,  J.  P.  Cottonf  Assistant  Engineer, 

Engineer  Office,  United  States  Arm1% 

Newport,  B.  /.,  June  30,  1874. 

General:  I  have  the  honor  to  submit  tlie  following  detailed  report  of  operations  for 
the  improvement  of  Newport  Harbor,  Rhode  Island,  during  the  last  fiscal  year. 

In  November,  lrJ73,  a  dredge  was  employed  by  the  day  in  deepening  tK>  15  feet  at 
mean  low-water  the  shoal  between  Lime  Rock  and  the  south  end  of  Goat  Island, 
where  the  depth  was  from  11  to  13  feet  at  the  same  time  of  tide.  When  the  survey  of 
the  harbor  was  made  in  1872  this  bar  was  thought  to  be  sand  and  gravel,  but  when  we 
dredged  it  we  found  it  to  be  of  gravel,  pebbles,  and  small  bowlders,  and  so  hard  that 
but  slow  progress  could  be  made.  In  the  shoalest  part  of  this  reef,  and  about  midway 
between  deep  water  on  either  side,  pieces  of  slaty  rock  were  dredged  that  appeared  to 
have  been  broken  from  rock  in  place.  After  passing  the  shoalest  part  of  the  ridge  in 
coming  into  the  harbor,  the  material  grew  finer,  until  sand  and  mud  were  reached  at 
about  14  feet  depth. 

Dredging  was  continued  on  this  reef  through  November,  when,  on  account  of  rough 
weather,  work  was  discontinued. 

Work  was  resumed  here  in  April,  1874,  but  after  five  days  the  dredge  was  transferred 
to  the  point  of  the  shoal  southeast  of  Goat  Island,  where  she  continued  until  the  close 
of  the  work.  May  20.  The  depth  was  increased  from  9  and  10  feet  to  12  feet.  This 
shoal  is  composed  of  gravel,  sand,  and  mud,  with  shells  in  each,  met  in  the  order 
named  in  coming  into  the  harbor.  It  was  thought  that  sand  sufficiently  clean  for  oot> 
ering  in  the  magazines  at  Fort  Adams  would  be  found  In  this  bar,  but  none  was  found 
that  would  answer  the  purpose. 

Work  on  the  jetty  at  the  south  end  of  Goat  Island  was  commenced  on  the  19th  of 
May.  The  stone  was  quarried  at  Fort  Adams  and  towed  to  the  work  in  scows.  The 
jetty  was  completed  on  the  19th  of  June.  It  is  triangular  in  section,  commencing  on 
the  shore  above  highest  tide,  and  runs  out  about  150  feet  to  where  there  is  about  1  Toot 
of  water  at  mean  low-water.  Its  height  is  about  3  feet  above  mean  high- water.  The 
object  of  this  jetty  is  to  arrest  the  sand  that  is  driven  by  waves  along  the  west  shore 
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of  Goat  Inland,  and  which,  if  not  s topped j  "would  go  to  increase  the  bar,  the  point  of 
which  we  have  dredged  off.  If  this  answers  the  purpose  for  which  it  was  built,  others 
should  be  built  along  the  shore  of  the  island  to  the  north.  These  stop  the  erosion  of 
the  island,  and  the  sand  that  wonld  find  lodgment  behind  them  would  add  to  the 
area  of  the  island. 

The  result  of  the  work  done  on  this  improvement  is,  on  the  shoal  between  Goat 
Island  and  Lime  Rock,  not  as  great  as  was  anticipated,  because  the  material  proved  so 
much  more  difficult  to  dredge  than  was  anticipated,  therefore  a  less  amount  was  re- 
moved. A  channel  about  50  feet  wide  and  16  feet  deep  was  made.  An  increase  of 
depth  at  this  point  is  very  desirable,  as  in  extreme  low-tides  the  large  steamers  of  the 
Narragansett  Steamship  Company  touch  bottom  if  not  in  the  deepest  part  of  en- 
trance, and  this  is  often  difficult  to  do  in  thick  weather.  The  nature  of  the  material 
shows  that  the  tidal  action  would  be  sufficient  to  keep  the  channel  clear  if  once  opened, 
and  increase  of  section  here  would  probably  increase  both  flood  and  ebb  currents 
through  the  harbor. 

The  dredging  off  of  the  point  at  the  southeast  end  of  Goat  Island  affords  relief  to 
vessels  entering  the  harbor,  in  that  they  can  now  haul  up  for  the  west  end  of  Long 
Wharf  as  soon  as  they  pass  the  buoy,  and  carry  12  feet  at  mean  low-water  into  the 
harbor  on  this  range,  which  before  they  could  not  do.  That  this  was  a  serious  obstruc- 
tion is  shown  by  tne  copper  sheathing  dredged  from  the  different  parts  of  the  shoals. 
The  jetty  is  built,  but  we  shall  have  to  await  the  action  of  the  storms  of  autumn  and 
winter  to  determine  its  efficiency.  If  it  stops  the  drifting  sand,  the  point  of  the  bar  off 
the  island  may  be  further  dredged  with  good  results. 

The  future  improvement  of  this  harbor  should  be  in  widening  the  channel  through  , 
the  reef  at  the  entrance,  and  in  dredging  a  channel  from  the  deep  water  in  the  harbor 
into  the  harbor  line.  The  latter  will  aimrd  the  greater  present  oenefit,  and  I  would 
recommend  that  the  appropriation  of  $10,000,  made  by  act  approved  June  23,  be  ex- 
pended in  dredging  a  channel  200  feet  wide  and  13  feet  deep  at  mean  low-water,  where 
the  present  ruling  depth  is  from  9  to  10  feet  at  the  same  time  of  tide. 

Wharves  are  being  built,  and  considerable  dredging  has  been  done  by  private  parties 
since  the  improvement  of  the  harbor  was  commenced,  and  if  completed  as  estimated 
for  much  benefit  will  be  realiised. 

The  sum  of  $15,000  could  be  expended  to  advantage  during  the  fiscal  year  ending 
June  30,  1876. 

Mr.  C.  R.  Mather,  civil  engineer,  superintended  the  building  of  the  jetty,  and  Mr.  F. 
U.  Lincoln,  civil  engineer,  the  dredging  operations. 

Respectfully  submitted. 

J.  P.  Cotton, 
Civil  Engineer, 

Gen.  G.  K.  Warren, 

Major  of  Engtneef*8,  U,  8,  A, 


X7. 
PAWTUCKET  (8EEK0NK)  RIVER,  RHODE  ISLAND. 

During  the  fiscal  year  the  work  here  was  confined  1;o  a  careful  survey 
of  the  portion  of  the  river  heretofore  dredged,  and  of  the  bridges  that 
have  been  erected  on  it.  I  forwarded  a  report  of  this  on  the  6th  of  May, 
calling  attention  to  the  necessity  for  some  legislative  action  or  other 
control  by  the  General  Government,  in  order  to  remedy  the  injury  caused 
to  navigation  by  bad  bridges.  This  was  transmitted  to  Congress  and 
printed  as  H.  Ex.  Doc.  No.  264,  first  session,  forty-third  Congress.  So 
far  as  I  am  aware  no  action  in  regard  to  the  matter  was  taken. 

Since  that  report  was  made  by  me  the  legislature  of  Rhode  Island  has 
authorised  another  bridge  across  the  river  in  its  navigable  part,  and  I 
know  of  no  way  that  T  can  officially  act  to  prevent  the  parties  from  doing 
as  they  please  in  regard  to  its  location,  nor  prevent  their  needlessly  ob- 
structing the  channel  until  after  they  begin  the  work. 

The  appropriation  on  hand  will  be  used  to  deepen  and  widen  the 
channel  at  the  shoal  places,  and  in  removing  the  stone  from  the  east 
draw-opening  of  the  Bed  Bridge. 

I  submit  herewikh  the  report  of  Assistant  H.  A.  Bentley,  assistant 
engineer,  on  the  past  improvement  and  present  condition  of  the  Paw- 
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tncket  (Seekonk)  River,  Ehode  Island.  This  report  is  accompanied  by 
a  map  made  from  a  survey  conducted  during  the  season  of  1873.  It  is 
on  a  scale  of  200  feet  to  the  inch,  and  shows  not  only  the  condition  of 
the  channel,  but  also  the  positions  and  structure  of  the  bridges  across 
it.  To  these  latter  I  wish  to  ask  special  attention.  Mr.  Bentley's  report 
is  as  concise  as  the  matter  it  coutains  will  admit.  There  is,  iirst,  a  his- 
tory  of  the  former  improvements;  second,  an  account  of  this  last  sur- 
vey ;  third,  a  presentation  of  the  points  where  further  dredging  is  most 
needed ;  fourth,  a  history  of  the  building  and  rebuilding  of  the  bridges, 
and  the  legal  authority  for  building  them ;  fifth,  a  consideration  of  the 
obstruction  these  bridges  cause  to  the  tidal  currents,  and  their  influence 
in  decreasing  the  height  of  the  tide  at  the  city  of  Pawtucket  wharves; 
sixth,  future  improvements  at  bridges. 

The  points  for  special  notice  brought  out  under  these  different  beads 
are  as  follows : 

First,  in  regard  to  dredging  already  done.  The  dredging  done  pre- 
vious to  the  last  appropriation — that  of  $10,000,  approved  March  3, 
1873 — had  made  a  channel-way  75  feet  wide  and  7  feet  deep  at  mean 
low-water.  It  had  been  conducted  under  four  different  appropriations, 
and  with  the  last  one  it  was  found  necessary  to  redredge  at  places 
which  had  become  filled  since  the  first  dredging.  One  object  of  the 
survey  was,  therefore,  to  determine  the  places  where  liability  to  re-form 
shoals  existed,  so  that  by  making  enlarged  and  deeper  channels  at  these 
places  we  might  secure  the  requisite  draught,  even  after  considerable  re- 
filling has  taken  place.  Mr.  Bentley's  report  clearly  points  out  these; 
and  if  our  future  operations  are  to  be  confined  to  dredging,  as  they  have 
been,  I  would  recommend  simply  carrying  out  his  suggestions  with  the 
funds  now  on  hand. 

But  if  something  can  be  done  at  the  bridges,  I  think  it  more  import- 
ant that  it  should  be  done  there  than  altogether  confined  to  the  shoals 
above  them.  Before  recommending  that  the  last  appropriation  should 
be  expended  for  this  purpose,  I  would  like  to  know  what  can  be  exacted 
from  the  bridge  company.  I  beg  here  to  refer  directly  to  Mr.  Bent- 
ley's  report,  page  14,  ^'  on  the  bridges."  Their  history  and  condition, 
the  authority  for  printing  them,  and  what  should  be  done,  are  stated 
fully.  At  the  Red  Bridge,  an  expenditure  of  about  $675  is  required  to 
remove  stone  from  the  east  opening  of  the  pivot-draw.  It  is  now  so 
obstructed  that  it  is  useless  to  navigation  ;  and  if  the  other  draw-open- 
ing should  be  closed  by  a  sunken  vessel,  all  navigation  of  the  river 
would  be  suspended.  If  the  bridge  company  cannot  legally  be  com- 
pelled to  open  properly  this  east  draw-space,  I  would  recommend  that 
the  present  appropriation  be  used  for  that  purpose.  Under  the  heading 
'•obstructions  to  tidal  flow,"  &c.,  Mr.  Bentley  makes  further  estimates 
for  dredging  between  the  piers  of  the  Red  and  Washington  bridges,  at  an 
estimated  cost  of  $8,085.  This  latter  expenditure  the  means  in  our 
hands  would  not  justify  us  in  making,  as  it  would  prevent  necessary 
dredging  on  the  shoals  above.  I  wish  it  would  be  ascertained,  by  proper 
reference,  whether  there  is  not  legal  remedy  to  compel  this  bridgecom- 
pany  to  restore  the  water-way  to  a  proper  natural  width. 

The  Washington  Bridge  is  in  so  bad  a  condiiion  that  it  is  expected  to 
soon  rebuild  it  j  but  it  is  a  very  serious  obstruction  to  navigation,  and 
it  is  not  at  all  likely  that,  when  rebuilt,  it  will  be  suited  to  the  wants  of 
navigation,  unless  some  control  is  exercised  over  it  by  the  General 
Government.  The  present  railroad  bridge  might  have  been,  and  should 
have  been,  better  located. 

I  deem  it,  therefore,  a  matter  of  importance  that  some  steps  should 
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be  taken — what  ones  exactly,  I  do  not  know — to  control  the  bridging  of 
the  Pawtucket  River  in  the  interest  of  navigation ;  and  unless  such 
control  is  acquired  by  the  General  Govennneut,  it  seems  to  me  out  of 
place  to  further  regard  the  improvement  of  the  Pawtucket  River  as  a 
public  one,  or  that  that  estuarj'  is  longer  a  navigable  water  of  the  United 
States. 

A  small  sketch  in  iMr.  Bentley's  report  shows  the  location  of  the  bridges 

No  further  appropriatiou  is  reoom mended. 

Pawtocket  River  is  in  the  Providence  collection-district.  Providence  is  the  nearest 
port  of  entry.  The  anioont  of  revenue  coHected  there  during  the  fiscal  year  ending 
June  30,  1874,  was  $184,197.37. 

Financial  statement. 

Balance  in  Treasury  of  United  States  July  1,1873 $10,000  00 

Amount  expended  during  the  fiscal  year  ending  Jnne  30, 1874 686  55 

Amount  available  July  1,1874 9,313  45 


Bepart  of  H.  A,  Bentleff^  Assistant  Enginter, 

Engineer  Office,  United  States  Ajrmy, 

Netvport,  R.  J.,  April  4, 1874. 

General:  I  have  the  honor  to  submit  the  following  report  on  the  improvement  of 
the  Pawtucket  or  Seekonk  River,  Rhode  Island.  This  will  be  a  history  of  improve- 
ment prior  to  1873,  an  arcount  of  the  survey  in  1873,  a  description  of  shoals  requiring 
dreflging,  a  history  and  description  of  the  bridges,  and  their  eifects  on  navigation  and 
tides,  with  a  statement  of  improvements  required. 

HISTORY  OF  improvements. 

The  first  appropriation  for  the  improvement  of  this  river  was  made  in  1867,  when 
117,000  was  allotted  for  the  work.  The  money  was  expended  in  dre<]ging  the  channel 
above  High  Hill,  with  the  purpose  of  making  it  75  feet  wide,  and  6  leet  deep  at  mean 
low-water.  The  gt^neral  depth  in  the  channel  of  the  river  above  High  Hill,  at  this  time, 
was  5  feet  at  mean  low-water.  The  dredging  done  was  at  the  bars  known  as  High  Hill 
Bar,  Swan  Point  Bur,  and  Ingrahamville  Bar.  This  improvement  was  carried  on  under 
Col.  D.  C.  Houston,  Major  Unit«d  States  Engineers. 

By  act  of  Congress  approved  July  11, 1870,  an  additional  appropriation  of  $8,000  was 
made  for  this  improvement.  This  money  was  expended,  under  your  direction,  in  mak- 
ing a  channel  75  feet  wide  and  7  feet  deep  at  mean  low-water  from  Thornton's  wharf, 
Pawtncket,  to  Bass  Rock.  The  depth  of  water  to  be  made  was  changed  from  6  to  7  feet, 
because  of  the  impracticability  of  making  so  light  a  cut  as  a  depth  of  6  feet  required. 

By  act  of  Congress  approved  March  3, 1871,  $7,000  was  appropriated  for  the  contin- 
uance of  the  improvement ;  this  money  was  expended  in  connecting  the  channels  dug 
in  1867  at  High  Hill  and  8wan  Point*  by  dredging  a  channel  75  feet  wide  and  7  feet 
deep  between  them,  and  in  dredging  the  bar  immediately  above  Swan  Point.  An  ex- 
amination of  the  channels  dredged  in  1867  proved  that  the  general  depth  in  them  was 
7  feet  at  mean  low- water,  so  that  the  dredging  done  in  1871  opened  a  channel  of  the 
recjuired  width  and  depth  up  to  a  point  hSf  way  between  Swan  Point  and  Bishop's 
Point.  A  report,  giving  the  details  of  the  work  done  from  1870  to  1872  may  be  found 
in  Report  of  Chief  of  Engineers  for  1872,  page  818. 

By  act  of  Congress  approved  Jnne  10, 1872,  an  appropriation  of  $10,000  was  made  for 
this  river.  After  the  usual  advertiHeuients  for  bids,  a  contract  was  made  with  Mr.  E. 
M.  Payn,  of  Albany,  N.  Y.,  for  dredging  and  removing  material,  at  the  rate  of  ^'4^  cents 
per  cnbio  yard.  Dredging  was  commenced  under  this  contract  Angnst  8,  1872,  at  the 
place  where  work  was  stopped  the  previous  year  on  account  of  the  exhaustion  of  the 
appropriation. 

The  general  plan  adopted  for  the  work  was  to  continue  the  channel  75  feet  wide  and 
7  feet  deep  up  to  DnnnelPs  wharf,  there  to  connect  with  the  channel  dn^dged  under  the 
appropriation  of  1870. 

It  was  found  necessary  to  redredge  a  greater  nortion  of  the  channel  opposite  Ingra- 
hamville, that  had  been  dredged  in  1867;  also  tne  bar  at  Dunnell's  wharf;  the  latter 
Slace  had  filled  in  since  1871.  Some  dredging  was  alno  done  on  the  bar  opposite  High 
[ill.  This  contract  was  completed  May  12,  1873,  26,073  cubic  yards  of  sand,  gravel, 
and  ujud  having  been  removed  from  the  channel  and  placed  on  the  adjoining  flats. 
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By  an  act  of  Congress  approved  March  3, 1873,  another  appropriation  of  $10,000  wa» 
made  for  this  work.  The  previous  appropriations  were  supposed  to  have  given  the 
channel  the  required  width  and  depth  ;  it  was,  therefore,  decided  by  you  to  have  a  sur- 
vey made  of  the  river,  to  ascertain  how  the  available  money  might  be  expended,  so  a» 
to  give  the  greatest  benefit  possible  to  navigation. 

SURVKY  IN  1873. 

In  pursuance  of  instructions  received,  I  proceeded  to  Pawtucket  May  14,  and  com> 
menced  the  survey  by  covering  the  entire  river,  from  Pawtucket  to  Fox  Point,  Provi- 
dence, with  a  system  of  triangles,  in  which  each  angle  was  measured  three  times.  A 
connection  was  made  with  the  survey  of  Providence  River  made  in  1872.  The  survey- 
ing party  was  then  organized,  and  commenced  the  traverse  May  19,  starting  at  S.  Grant 
&  Co/s  old  coal-dock,  and  running  down  the  west  bank  of  the  river  to  India  Point 
wharves.  Providence,  where  the  party  crossed  the  river.  A  line  was  then  rnn  up  the  east 
bank  from  Station  D,  Providence  River  survey,  to  Clapp's  chemical  works,  Pawtucket. 
The  traverse  lines  wei-e  connected  with  the  primary  triangulation  points,  either  by  deflec- 
tion and  distance,  or  by  making  them  stations  of  the  line.  The  total  length  of  traverse 
line  run  was  about  ten  miles. 

On  the  2d  of  June  the  party  commenced  locating  soundings.  The  position  of  each 
sounding  was  fixed  by  two  angles,  read  from  triaugulation-stations  which  formed  the 
ends  of  a  known  base. 

The  soundings  were  taken  mostly  in  the  channel  of  the  river,  the  flats  on  either  side 
being  of  so  uniform  a  depth  that  but  few  soundings  were  necessary  to  give  a  true 
showing  of  them. 

Each  of  the  three  bridges  crossing  the  river  was  surveyed,  data  being  obtained  for 
elevations  of  them.  Soundings  were  carefully  locdbted  on  their  axes  and  around  each 
pier. 

Tidal  observations  were  made  for  a  lunar  month  previous  to  the  survey,  to  establish 
a  mean  low-water  plane ;  these  observations  were  made  at  Butler  Hospital  l>ock,  from 
April  22  to  May  19,  inclusive,  day-tides  only  being  observed.  The  mean  rise  and  fall  of 
tide  during  that  month  was  4)46  feet.  Mean  low-water  plane  established  by  these 
observations  is  referred  to  a  bench-mark  on  stone  arch  over  road  leading  back  from 
the  wharf,  and  about  300  feet  from  it.  This  bench-mark  is  55.794  feet  above  mean  low- 
water.     Below  is  a  sketch  showing  its  location. 


NortheMlAiile. 


Tide-gauges  were  established  at  Smith's  wharf,  Dunnell's  wharf,  Bishop's  Point,  Red 
Bndge,  ancTWaHhington  Bridge,  for  the  reducti<m  of  soundings  made  in  their  vicinity. 
The  zeros  of  these  gauges  were  referred  to  the  plane  of  mean  low-water,  as  established 
at  Butler  Hospital  Dock,  by  making  simultaneous  observations  at  the  gauges  at  low- 
water,  and  assuming  that  the  low-water  at  each  of  them  bore  the  same  relation  to 
mean  low-water  that  it  did  at  Butler  Hospital  Dock,  the  place  where  the  mean  low- 
water  place  was  established. 

Observations  at  Providence,  extending  from  May  22  to  December  28,  1873,  were 
obtained  from  a  record  kept  by  the  Providence  City  Water- Works.  The  mean  rise  and 
fall  of  tide  during  this  time  was  4.548  feet,  or  O.Or^S  foot  more  than  that  given  by  the 
observations  at  Butler  Hospital  Dock  for  one  month  only.  This  slight  difference  woald 
show  that  the  latter  observations  were  taken  at  a  time  when  the  river  was  only  ordi- 
narily affected  by  the  winds  or  other  disturbing  influences. 

Observations  to  estAblisli  a  mean  low-water  plane  were  made  at  Bishop's  Point  for 
a  lunation  in  October  and  November,  1872.  These  observations  give  the  mean  rise  and 
fall  of  tide  as  5.04  feet,  being  0.58  foot  more  than  that  given  at  Butler  Hospital  Dock, 
and  0.492  more  than  at  Providence.  Tlie  simultaneous  observations  taken  show  that 
the  mean  low-water  here,  as  establishe<l  in  1H72,  is  0.2  foot  lower  than  that  at  Butler 
Hospital  wharf.  The  probable  cause  of  this  difference  is  that  the  observations  in  1872 
were  taken  at  a  time  when  the  prevailing  winds  very  materially  affected  the  tides,  so 
that  these  observations  do  not  show  the  state  of  the  river,  hh  it  is  at  ordinary  seanons, 
aa  well  as  those  taken  at  Butler's  Hospital  Dook  in  1873 ;  and  for  this  reason  the  latter 
plane  was  used  for  the  reduction  of  soundings.  Mean  low-water  at  Bishop's  Point  is 
referred  to  a  bench-mark  on  the  point,  which  is  a  cross  cut  in f the  river-face  of  a 
bonndary-titono,  the  intersection  of  the  lines  forming  the  cross  being  the  mark.     This 
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mark  is  6.42  feet  abore  the  mean  low-water  plane  established  here  in  1872,  and  6.22 
feet  above  the  mean  low- water  plane  established  by  simultaneous  readings. 

The  observations  at  the  above-mentioned  places  are  appended  to  this  report. 

[The  map  of  this  survey,  platted  to  a  scale  of  200  feet  to  the  inch,  on  which  are  shown 
sections  of  bridges  and  profiles  of  river-bottom  along  their  axes,  is  submitted  here- 
with.] 

SHOALS  REQUIKINO  DREDGING. 

From  the  map  of  the  survey,  it  appears  that  the  channel  heretofore  dredged  and 
supposed  to  be  75  feet  wide  and  7  feet  deep  at  mean  low-water,  is  in  some  places  con- 
siderably less  than  this  in  width  and  depth.  These  places,  commencing  in  the  upper 
part  of  the  river,  are  Thornton's  Bar,  DunnelPs  Bar,  Bass  Rock  Bar,  Swan  Point  Bar, 
and  Butler  Hospital  Bar.  The  following  is  a  short  description  of  each,  together  with 
estimates  for  removing  that  part  of  them  lying  in  the  channel : 

Thornton's  Bar  lies  aoout  300  feet  below  Thornton's  lower  wharf.  The  7-foot  channel 
here  is  only  40  feet  wide.  .  It  was  dredged  in  1871  to  a  width  of  75  feet,  but  has  since 
filled  in.  To  redredge  this  to  the  required  width  would  require  the  removal  of  1,200 
cubic  yards  of  sand  and  gravel. 

DunnelVa  Bar  is  immediately  below  DnnnelPs  wharf.  A  channel  has  been  dredged 
through  this  bar  twice  since  1870,  and  there  is  now  less  than  the  75  feet  width  with 
the  required  depth  of  7  feet  at  mean  low- water.  The  formation  of  this  bar  is  probably 
due  to  the  fact  that  the  river,  which  above  this  point  is  confined  to  a  comparatively 
narrow  channel,  here  expands  to  nearly  double  its  former  low-water  area.  The  ebb 
tide  in  that  part  of  the  river  above  this  bar  is  quite  strong,  and  probably  brings  down 
a  large  amount  of  material,  of  which  a  large  proportion  is  deposited  at  this  place 
becaose  of  the  sudden  decrease  in  the  velocity  of  the  current  caused  by  the  Increase  in 
section.  It  is  recommended  that  the  dredging  be  carried  to  9  feet  at  mean  low-water 
at  this  place,  in  order  to  give  an  improvement  that  may  at  least  last  for  a  few  years. 
This,  it  is  estimated,  will  require  the  removal  of  1,800  cubic  yards  of  sand  and  gravel. 

Bass  Rook  Bar. — The  removal  of  500  cubic  yards  of  sand  and  gravel  will  be  sufficient 
to  give  the  required  width  and  depth  to  the  channel  here,  as  it  only  needs  dredging 
for  a  short  distance  on  the  east  side,  immediately  below  Bass  Rock. 

Swan  Point  Bar. — This  is  the  most  troublesome  shoal  in  the  river.  The  channel, 
ranning  nearly  straight  for  a  mile  and  a  half  above,  here  makes  a  turn  to  the  right,  at 
ftu  an^le  of  about  45°.  The  effect  of  this  turn  is  to  form  an  eddy,  which  probably 
deposits  the  material  forming  the  bar.  It  is  recommended  that  this  bar  be  dredged  to 
a  depth  of  9  feet  at  moan  low-water.  For  a  distance  of  about  1,500  feet  below  this 
shoal  the  channel  needs  wtdsiiini;  in  several  places.  The  removal  of  11,000  cubic  yards 
of  sand  and  mud  is  estimated  iM  beiug  necessary  for  the  improvements  at  this  locality. 

Butler  Hospital-wharf  Bar. — ^This  is  the  last  shoal  in  the  river  obstructing  the  chan- 
nel, 75  feet  wide  and  7  feet  deep,  between  Providence  and  Pawtucket.  A  small  amount 
of  dredging  is  needed  here  to  widen  the  channel  Just  below  the  hospital  wharf,  on  the 
west  side  of  the  channel.  The  removal  of  500  cubic  yards  of  mud  will  give  the 
required  width. 

In  addition  to  these  improvements,  I  would  recommend  that  the  channel  of  the  river 
between  Thornton's  wharf  and  Smith's  wharf  be  widened  from  75  feet  to  140  feet, 
because^  of  tlie  close  proximity  of  the  channel  here  to  the  wharves.  Vessels  unloading 
at  Thornton's  wharf  obstruct  the  channel  so  much  that  it  is  almost  impossible  for 
other  boats  t-o  get  by  them.  This  improvement,  it  is  estimated,  would  require  the 
removal  of  3,000  cubic  yards  of  sand  and  gravel.  It  includes  the  removal  of  a  small 
point  extending  into  the  channel  opposite  fhoruton's  lower  wharf. 

The  following  is  a  summary  of  dredging  required,  with  its  estimated  cost : 

Thornton's  Bar,  1,200  cubic  yards  sand  and  gravel. 

Dnnnell's  Bar,  1,800  cubic  yards  sand  and  gravel. 

Bass  Rock  Bar,  .500  cubic  yards  sand  and  gravel. 

Swan  Point  Bar,  11,000  cubic  yards  sand  and  mud. 

Bntler  Hospital  Wharf,  500  cubic  yards  mud. 

Thornton  &  Smith's  Bar;  3,000  cubic  yards  sand  and  gravel. 

Eighteen  thousand  yards,  at  33  cents  per  yard,  would  cost  $5,940 ;  add  10  per  cent, 
for  engineering 'and  contingencies  gives  the  total  cost  ^,534. 

THE  BRIDGES. 

There  are  three  bridges  crossing  the  river.  The  first,  or  upper  bridge,  is  known 
as  the  Red  or  Central  Bridge ;  the  second,  about  three-fourths  of  a  mile  below,  as  the 
Washington  Bndge ;  and  the  last,  about  250  feet  below  this,  as  the  India  Point  Rail- 
road Bridge.    The  first  two  are  highway  bridges. 

The  following  is  a  brief  history  of  each  ot  them  from  the  time  of  their  first  being 
bnilt : 

Bed  or  Central  Bridge. — The  first  bridge  at  this  location  was  built  in  1793.  It  was  a 
wooden  truss,  resting  on  six  pile-piers,  and  having  a  draw-span  on  the  west  side,  with 
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one  opening  24  feet  in  len^h.  It  was  carried  away  by  a  gale  in  1807,  and  was  rebuilt 
in  the  same  year. 

The  piles  on  which  the  former  superstructure  rested  having  decayed  so  as  to  be  nn- 
safe,  piers  of  rubble  masonry  were  built  around  them. 

In  1859  the  general  assembly  of  the  State  of  Rhode  Island  passed  an  act  requiring 
the  draw-openings  in  the  bridges  over  the  Seekonk  River  to  be  made  38  feet  wide  in 
the  clear.    The  draw  of  this  bridge  was  widened  in  accordance  with  this  law. 

The  entire  bridge  was  rebuilt  in  1871,  the  draw  bein^  located  in  the  center,  with 
spans  of  80  feet  in  the  clear  on  either  side  of  the  pivot-pier,  the  ends  of  the  span  rest- 
ing on  stone  piers,  which  are  conuect'ed  with  the  shore  by  spans  88.92  feet  long.  The 
piers  are  built  of  laid  masonry,  resting  on  the  foundations  of  tlie  old  piers,  except  the 
pivot-pier,  which  rests  on  a  pile  foundation.    The  superstructure  is  of  iron. 

The  building  of  this  bridge  was  authorized  by  an  act  of  the  State  assembly  of  Rhode 
Island,  passed  May  28, 1869.  Section  2  of  this  act,  in  relation  to  draw  in  said  bridge, 
says: 

**  To  have  a  draw-bridge  of  not  less  than  80  feet  in  width  on  each  side  of  said  draw 
when  opened,  and  located  in  the  main  navigable  channel  of  the  river  for  the  safe  and 
convenient  passage  of  all  vessels  navigating  said  river  through  said  draw." 

The  draw  of  this  bridge  was  not  located  in  strict  accordance  with  this  law,  the  then 
main  navigable  channel  of  the  river  being  on  the  west  side  where  the  old  draw-span 
was  located. 

The  present  openings  of  the  draw  are  nearly  in  a  line  connecting  the  deep  water 
above  and  below  the  bridge,  so  that  passing  vessels  can  straighten  out  before  entering 
the  bridge,  and  for  this  reason  the  draws  as  now  located  are  an  improvement  on  the 
location  as  provided  by  the  law  just  quoted. 

These  draw-openings  are  probably  in  what  was  the  main  channel  of  the  river ;  but  to 
protect  the  piers  of  the  old  bridge  a  large  amount  of  stone  was  thrown  in  aboac  them 
mm  time  to  time,  until  the  depth  of  water  in  that  part  of  the  river  where  the  draw- 
spans  now  are  was  but  4  feet  at  mean  low- water.  When  the  present  bridge  was  erected 
the  west  draw-opening  was  dredged  to  a  depth  of  10  feet  at  mean  low- water ;  the  east 
opening  is  still  obstructed  by  riprap,  ^d  is  useless  to  navigation. 

If  the  draw-spans  had  been  located  in  strict  accordance  with  the  law,  and  had  the 
company  done  tne  same  amount  of  dredging  as  they  have  done,  we  should  have  had 
two  navigable  draw-openings  instead  of  one ;  of  which  the  east  opening  wonld  have 
been  in  the  same  location  as  the  now  navigable  draw-span.  If  the  present  opening 
should  in  any  way  be  obstructed,  the  navigation  of  this  river  must  stop  until  sach 
obstruction  is  removed. 

The  amount  of  material  to  be  removed  from  .the  east  opening  to  give  12  feet  at  mean 
low-water  is  about  350  cubic  yards,  which,  at  $1.75  per  cubic  yard,  would  cost  $612.50 ; 
adding  10  per  cent,  for  contingencies,  gives  the  total  cost  $673.75.  Inasmuch  as  the 
bridge  company  authorized  the  location  of  the  draw  in  its  present  position,  and  also 
authorized  the  throwing  in  of  the  material  forming  the  obstructions  here,  it  would 
seem  to  devolve  on  them  to  bear  the  expense  of  dredging  this  material  out. 

The  low-water  area  or  axis  of  this  bridge  before  piers  were  built  was  3,752  sqnare 
feet ;  the  area  occupied  by  foundations  of  old  and  foundations  and  piers  of  new  bridge 
is  about  2,462  square  feet.  The  high-water  area  was  5,298  square  feet ;  area  occupied 
by  piers,  &c.,  2,619  square  feet. 

Washivglon  BHdge. — This  bridge  was  built  in  1793  on  six  pile-piers,  with  a  draw, 
having  one  opening,  24  feet  in  length,  on  the  east  side  of  the  river.  This  bridge  was 
carried  away  by  a  storm  in  1807,  aud  was  rebuilt  in  that  same  year.  It  was  carried 
away  again  and  rebuilt  in  1815.  At  this  time  the  three  piers  west  of  the  draw  were 
built  up  of  nibble  masonry  in  the  same  manner  as  was  done  in  the  Red  Bridge.  These 
piers  settled,  so  as  to  be  entirely  out  of  sight  before  the  new  superstructure  was  ready 
to  be  put  up.  More  riprap  was  thrown  in  on  top  of  the  submerged  piers,  aud  piers 
built  on  top  of  this.  These  piers  stood  until  1867,  when  one  of  them  toppled  over. 
This  was  supposed  to  have  been  caused  by  oystermen  bringing  up  the  stone  forming 
the  foundation  of  the  ^ier  while  fishing  about  the  bridge.  This  pier  was  rebuilt,  and 
the  three  remaining  pile-piers  built  up  similar  to  the  rest.  About  this  time  an  act 
was  passed  by  the  general  assembly  prohibiting  oystor-fishiug  within  a  certain  number 
of  feet  of  the  bases  of  the  pi»  rs. 

The  draw-openiijg  of  this  bridge  was  increased  to  38  feet  about  the  year  1859,  in 
accordance  with  the  law  to  that  effect. 

The  present  superstructure  is  a  wooden  lattice  truss,  built  on  the  rubble  piers  here- 
tofore described.  The  draw-span  is  of  the  same  length  as  in  1859,  (38  teet.)  The  gen- 
eral depth  of  water  in  the  draw-spau  is  6.6  feet  at  mean  low- water ;  the  greatest  depth 
is  9  feet. 

The  low-water  area  on  the  axis  of  the  bridge  before  the  piers  were  built  was  about 
3,697  sqnare  feet.  The  area  occupied  by  the  foundations  and  piers  of  the  bridge  is 
about  2,054  sqiiare  feet.  The  high- water  area  was  about  5,587  square  feet.  Area  occu- 
pied by  piers,  &c.,  2,586  square  teet. 
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iHdia  Point  Railroad-Bridge.— Thia  bridge  is  about  250  feet  below  Washington  Bridge. 
The  first  bridge  built  here  in  1855  was  located  abont  40  feet  above  the  present  one. 
It  rested  on  three  piers,  composed  of  oak  piles,  covered  with  copper,  to  protect  tbeni  from 
the  "Terredo  navalis."  These  piers  lasted  until  1857,  wheii  they  had  to  be  renewed; 
these  in  turn  decayed,  and  in  18<)7  were  substituted  bythe  Gushing  patent  iron-cylinder 
pier,  on  which  the  present  bridge  rests. 

The  draw-openings  of  the  old  bridge  were  located  on  the  east  side  of  the  river.  The 
draw  at  first  had  but  one  opening.  In  1858  a  new  draw  was  built,  having  two  spans 
^  feet  wide  in  the  clear. 

The  act  authorizing  the  construction  of  the  present  bridge,  built  in  1867r'68,  passed 
the  general  assembly  in  1866.  This  act  provided  that  the  draw  of  the  bridge  should 
be  at  least  60  feet  in  width,  and  that  the  proposed  bridge  and  draw  should  be  located 
in  a  manner  satisfactory  to  Robert  Sherman,  esq.,  of  Pawtucket.  The  first  condition 
has  been  carried  out ;  as  to  the  latter,  I  am  not  informed. 

This  bridge  is  396^  feet  long,  divided  into  three  spans  and  a  draw.  Commencing  on 
the  west  side,  there  is  first  a  span  of  113  feet;  next.one  of  108^  feet;  next  is  the  draw, 
154  feet,  with  openings  of  60  feet  in  the  clear ;  and  last,  a  short  span  of  20f  feet,  one 
end  of  which  rests  on  a  stone  pier,  the  only  one  in  the  bridge,  the  other  end  resting  on 
the  abutment.  The  superstructure  is  a  Howe  truss.  The  low-water  area  on  axis  of 
bridge  before  piers  were  built  was  5,148  square  feet ;  area  occupied  by  piers,  683 
square  feet ;  high-water  area  was  6,849  square  feet ;  area  occupied  by  piers,  &c.,  873 
square  feet.  The  piers  of  this  bridge,  as  regards  economy  of  area  obstructed  by  them, 
are  as  good  as  any  that  are  used,  and  present  a  marked  contrast  with  the  piers  of  other 
bridges  cross! tg  this  river. 

An  act  in  relation  to  this  bridge,  passed  by  the  general  assembly  in  1868,  says : 

"  SKcnoN  2.  Said  draw-tender  shall  at  all  times  during  the  season  of  navigation 
cause  the  draw  of  said  bridge  to  be  opened  for  the  passage  of  boats  or  vessels,  on 
proper  signals,  to  be  arranged  by  said  company ;  but  the  draw  of  said  bridjj^e  shall  not 
be  opened  within  ten  minutes  of  the  table-time  for  the  passing  of  any  train  or  loco- 
motive over  the  same  until  after  the  arrival  and  passing  of  any  train  due :  and  any 
boat  or  vessel  ready  to  pass  shall  not  be  detained  beyond  the  time  provided  for  in 
this  section.'' 

*'  Sec.  4.  Masters  of  vessels  passing  said  draw  shall  so  place  their  buoys,  warpiog- 
liues,  eables,  or  anchors  as  neither  to  interfere  with  other  vessels  nor  obstruct  the 
bridge,  only  as  they  may  be  authorized  by  the  draw-tender,  and  without  the  consent 
of  said  draw-tender  not  more  than  one  vessel  at  any  one  time  shall  be  towed  through 
said  draw  by  any  steam-tug  or  other  motive-power." 

The  latter  part  of  section  4  of  this  act  gives  to  the  draw-tender  authority  to  regulate 
the  size  of  all  tows  passing  through  this  bridge,  so  that  a  man  appointed  draw-tender, 
while  be  may  be  utterly  ignorant  of  all  matters  pertaining  to  navigation,  can  insist  on 
the  disposition  of  each  tow  in  such  a  manner  as  to  be  a  source  of  expense  and  trouble. 
I  have  never  heard  of  any  undue  interference  on  the  pare  of  the  draw-tender,  and  only 
mention  this  as  a  contingency. 

To  facilitate  the  passage  of  vessels  through  this  and  Washington  Bridge,  double 
lines  of  piling  have  been  put  in  between  the  draws  of  the  two  bridges.  This  piling 
has  been  extended  about  300  feet  above  Washington  Bridge,  and  one  line  has  been 
extended  about  the  same  distance  below  the  railroad  bridge.  The  space  between  these 
lines  of  piles  varies  from  38  to  60  feet.  Vessels  going  up  the  river  enter  this  passage 
at  an  angle  with  the  cuiTent,  and  pass  the  railroad  bridge  at  an  angle  of  20^  with  the 
axes  of  the  piers.  When  they  reach  Washington  Bridge,  a  turn  must  be  made  to  the 
left  of  about  45^.  This  turn  has  to  be  in  the  draw  of  the  bridge,  where  the  passage 
is  only  38*feet  wide.  These  vessels  pass  up  the  river  at  high-water,  when  there  is  but 
little  current.  They  cannot  tow  through  safely,  because  of  the  sharp  turn  above 
alluded  to,  but  have  to  warp  through,  and  make  up  the  tow  above.  In  descending 
they  generally  leave  Pawtucket  after  the  tide  commences  to  run  out,  and  reach  these 
bridges  when  the  current  is  very  swift,  often  as  much  as  five  miles  per  hour.  To  break 
op  a  tow  in  a  current  like  this,  so  as  to  enable  the  vessels  to  warp  through,  would  be 
attended  with  great  danger  of  being  carried  down  on  to  the  bridge  to  the  west  of  the 
draw.  Their  only  course  is  to  be  taken  through  by  the  tug,  and  tnis  must  be  done  at  a 
speed  greater  thUu  the  current,  in  order  to  keep  steerage- way.  In  making  this  passage 
they  are  very  frequently  damaged  by  coming  in  contact  with  the  piling.  Once  in  the 
passage,  there  is  no  escape,  except  with  the  current  at  the  lower  end. 

The  city  of  Providence  is  now  considering  the  advisability  of  erecting  a  new  bridge 
on  the  sit«  of  Washington  Bridge,  for  which  the  citv  engineer  is  preparing  plans.  It 
is  designed  making  the  draw -spans  60  feet  wide.  This  new  draw,  if  properly  located 
and  of  HuflScient  width,  will  be  of  great  benefit  to  navigation  interests.  To  best  serve 
these  interests  the  new  draw  shonld  be  placed  opposite  the  draw  of  the  railroad  bridge, 
in  a  line  parallel  with  the  general  trend  of  the  channel  above  as  far  as  Twin  Islands 
Tae  draw-spans  should  be  80  feet  wide  instead  of  60  feet,  because  of  the  necessity  of 
h.ving  fender-piling  around  the  piers,  which  takes  up  from  10  to  15  feet  of  the  availa- 
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ble  space,  as  in  the  case  of  the  railroad  bridge,  with  a  draw  60  feet  wide  and  only  47 
feet  clear  space  between  the  piling. 

This  location  of  a  draw  would  give  descending  tows  the  desired  opportnnity  of 
straightening  before  entering  the  draw,  and  wonld  also  secure  to  them  a  straight  pas- 
sage through  these  draws.  A  sharp  turn  to  the  right  wonld  have  to  be  made  when  free 
of  the  lower  bridge.  This,  however,  could  be  done  with  comparative  safety.  Vessels 
ascending  the  river  would  have  no  trouble  in  being  towed  directly  through  to  Paw- 
tucket.  It  is  thought  this  is  the  best  plan  that  can  oe  adopted,  with  the  draw  of  the 
railroad  bridge  located  as  it  now  is.  Why  this  draw  was  located  in  its  present  position 
is  not  evident.  It  was  probably  the  intention  that  only  one  draw-opening  should  be 
used,  as  the  location  of  the  east  span  so  far  from  the  channel  precludes  its  ever  being 
of  any  practical  use.  Had  this  draw  been  located  60  feet  west  of  where  it  is,  a  draw- 
span  much  more  favorable  to  the  passage  of  vessels  could  have  been  selected  in  the 
proposed  Washington  Bridge,  and  we  should  also  have  had  two  navigable  draw-open- 
ings in  this  (the  railroad)  bridge.  The  adjoining  sketch  shows  the  location  of  the 
bridges  heretofore  described,  also  the  proposed  passage-way  between  the  two  lower 
bridges. 

OBSTRUCTIONS  TO  TIDAL  FLOW  AT  BRIDGES  AND  IMPROVEMENTS  REQUIRED  THEREBY. 

*■"  The  amount  of  water  brought  into  this  river  by  its  tributaries  is  very  small,  and 
wholly  inadequate  to  keep  open  a  channel  of  the  depth  sought  for  navigation.  To  the 
scouring  power  of  the  tidal  flow  alone  we  must  look  to  keep  open  this  channel,  and 
this  it  fails  fully  to  do.  This  being  the  case,  it  is  important  that  everything  obstruct- 
ing the  free  flow  of  the  tide,  keeping  out  any  portion  of  the  water  that  would  other- 
wise flow  into  the  upper  reaches  of  this  basin,  (where  the  eifect  as  a  scouring  power 
would  be  most  benencial,)  should  be  removed. 

In  selecting  sites  for  bridging  this  river,  the  narrowest  places  were  chosen,  becanse  of 
the  economy  of  construction  at  these  places,  when  compared  with  other  parts  of  the 
river. 

We  thus  have  the  Red  Bridge,  Wasjiington  Bridge,  and  the  railroad-bridge  at  }>laces 
where  the  natural  section  was  but  about  half  of  tne  area  of  a  section  at  any  point  of 
the  river  for  a  distance  of  three  miles  above  the  lower  bridge. 

In  addition  to  this  natural  obstruction  to  the  tidal  flow  we  have  the  foundations  and 
piers  of  the  bridges,  occupying  a  large  portion  of  the  already  too  small  sectional  area. 

The  area  thus  occupied  by  the  R^  Bridge  at  high-water  is  about  49  per  cent. ;  at 
low- water,  66  per  cent.  At'W^ashington  Bridge,  at  high-water,  the  area  occupied  is  44 
per  cent. ;  at  low-water  it  is  about  55  per  cent. ;  while  at  the  railroad-bridge  it  is  very 
small,  only  about  12  per  cent. 

The  effect  of  these  obstructions  on  the  rate  of  tidal  propagation  in  the  river  is  very 
apparent,  as  the  results)  obtained  from  the  following  tidal  observations  will  show  : 

The  tide-gauges  at  Washington  and  Red  Bridges  were  located  about  50  feet  above  the 
bridges.  From  the  observations  at  these  places,  and  those  niiule  at  Hill's  wharf.  Provi- 
dence River,  and  Butler  Hospital  wharf  and  Dunnell's  wharf,  Pawtncket  River,  the 
following  comparisons  are  made : 

The  tide  at  Hill's  wharf  commenced  to  rise  six  minutes  before  it  did  at  the  gauge  at 
Washington  Bridge,  twenty-one  minutes  before  Red  Bridge,  thirty-six  minutes  before 
Butler  Hospital  wharf,  and  forty-six  minutes  before  it  did  at  Dunnell's  wharf. 

Now,  the  flood-tide  should  reach  the  gauge  at  Wa-^hingtou  Bridge  nearly  at  the  sam6 
time  it  does  Hill's  wharf,  because  there  is  very  little  difference  in  the  distance  the 
tidal  wave,  coming  up  the  Providence  River,  has  to  travel  to  reach  each  point.  Taking 
this  tidal  wave  as  it  travels  farther  up  river,  we  find  that  it  reaches  the  Red  Bridge, 
a  distance  of  about  three-fourths  of  a  mile,  fifteen  minutes  after  it  was  at  Washing- 
ton Bridge,  having  traveled  at  the  rate  of  three  miles  per  hour.  It  reaches  Butler 
Hospital  wharf  fifteen  minutes  after  it  was  at  Red  Bridge,  traveling  this  distance 
(about  one  mile)  at  the  rate  of  four  miles  per  hour.  In  going  from  Sutler  Hospital 
wharf  to  Duunell's  wharf,  a  distance  of  about  one  and  three-fourths  miles,  it  takes 
only  ten  minutes,  having  traveled  at  the  rate  of  ten  and  one-half  miles  per  honr. 

This  comparison  shows  that  in  the  upper  part  of  the  river,  where  there  are  no  arti- 
ficial obstructions,  the  rate  of  propagation  is  three  times  as  fast  as  in  the  lower  por- 
tion of  the  river,  whereas  if  the  sections  at  Red  and  Washington  Bridges  were  equal 
to  sections  taken  at  any  other  part  of  the  river  between  Bntler  wharf  and  Provi- 
dence, we  ought  to  have  a  rate  of  propagation  exceeding  that  in  the  upper  part  of  the 
river,  because  of  the  greater" sectional  area  in  this  (the  lower)  part  of  the  river.  This 
increased  area  is  due  to  the  very  much  greater  depth  of  water. 

High-water  does  not  get  to  Dunuell^  wharf  until  27  minutes  after  it  has  reached 
Providence.  The  duration  of  high-water  stand  is  15  minutes  at  Providence.  Sup- 
posing the  tide  to  travel  at  a  uniform  rate,  the  last  of  the  flood-tide  wonld  only  reach 
a  point  about  half  way  between  Providence  and  Dunnell's  wharf  when  the  tide  at 
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Providence  would  have  tnrned  and  be  flowing  in  the  opposite  direction.   It  is  evident, 
therefore,  that  the  full  effect  of  the  tide  does  not  reach  Paw  tucket. 

In  view  of  these  facts,  and  inasmuch  as  this  river  is  only  navigable  for  loaded  ves- 
sels at  high-water,  it  would  seem  to  be  of  the  first  importance  to  increase  the  sectional 
area  at  the  Red  and  Washington  Bridges,  so  as  to  facilitate  the  passage  of  the  tide  into 
the  upper  portions  of  the  river,  and  thereby  decrease  the  velocity  of  the  corrent  that 
now  renders-navigation  at  these  places  additionally  precarious.  At  the  railroad-bridge 
the  obstruction  is  very  small,  and  offers  but  little  resistance  to  the  tidal  flow. 

To  restore  the  original  section  at  Washington  Bridge  would  require  the  removal  of 
2,300  cubic  yards  of  material.  At  Red  Bridge  it  would  require  the  removal  of  2,600 
cubic  yards.  This  material  is  riprap  stone  and  shells.  The  riprap  varies  in  size  from 
an  ordinary  cobble-stone  to  stone  weighing  ^  ton.  It  is  estimated  its  removal  would 
<jost  11.50  per  cubic  yard ;  4,900  cubic  yards  X  $1.50  =  $7,350  -f  10  per  cent,  for  engineer- 
ing and  contingencies,  giving  the  total  cost  of  removing  both  obstructions  $8,085. 

This  work  could  be  done  with  a  small  '*  Osgood ''  dredge.  Nothing  could  be  done  at 
Washington  Bridge  until  the  present  bridge  structure  is  removed,  as  any  dredging  done 
near  the  piers  would  endanger  the  stability  of  the  structure. 

As  to  who  should  bear  the  expense  of  doing  this  work,  it  is  not  for  me  to  say.  That 
if  done  it  would  effect  a  more  permanent  improvement  than  the  dredging  of  shoals,  as 
-estimated  for  on  pages  5  and  6  of  this  report,  I  do  not  doubt. 

If  both  could  be  accomplished  the  wants  of  the  navigation  interests  of  the  river 
would  be  fully  met.    The  estimated  cost  of  both  improvements  is  $14,619. 

The  number  of  Vessels  towed  to  Pawtucket  during  1673  was  420,  with  cargoes  con- 
sisting principally  of  coal  and  lumber. 

The  early  history  of  the  bridges  I  obtained  from  a  pamphlet  written  on  them  by 
Col.  J.  Albert  Monroe.  I  was  assisted  in  the  survey  by  Mr.  W.  P.  Jewett,  civil  engineer. 
The  work  of  dredging  was  under  the  direct  superintendence  of  Mr.  G.  N.  Weaver, 
-civil  engineer. 

Itespectfully  submitted. 

H.  A.  Bentley, 

Civil  Engineer, 

Bvt.  M^.  Gen.  G.  K.  Warren, 

Major  Engineers,  U,  S,  A, 


Eecord  of  tid^auge  kept  at  HilVe  wharfs  Providence,  hy  the  City  Water- Works,  Jrom  May^ 

to  December  28,  1873. 

LTbe  observations  were  taken  with  a  self-registering  tide-gauge,  famished  by  the  United  States  Coast 

Survey.] 


Date. 

ft 

1 

Total    low- 
waters. 

Notes. 

May  22  to  31, 1873 

17 
56 

eo 

56 

58 
60 

58 
48 

139.51 
451.58 
486.23 
442.51 
467.20 
497.  95 
455.23 
375.74 

18 
55 
60 
56 
58 
60 
58 
49 

57.86 
900.46 
216.95 
191.96 
197.97 
215.83 
192.59 
167.76 

June  1  to  30  1873          .                   - 

Julyl  to  31, 1873 

August  1  to  31, 1873 

TwodsyslosL 

September  1  to  30, 1873 

October  1  to  31, 1873 

KoTeoiber  1  to  30, 1873 

December  1  to  38, 1873 

Four  dsys  lost 

Total 

413 

3, 315. 95 

414 

1. 441. 38 

1441.38  -i-  414 1=  3.481,  mean  low-water. 

3315.95  +  413  >-  8.029,  mean  high-water. 

-  "1  —  3.481 «  4.548,  mean  rise  and  faU  of  tide. 
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Record  of  Udcrgavtge  kept  at  Bishop'a  Point,  Pawtucket  River,  Rhode  Island,  in  October  and 

November,  1872. 


Date. 

High- 
water. 

Low- 
water. 

Date. 

High- 
water. 

Low- 
water. 

October  13 

7.6 
7.6 
6.9 
7.7 
7.7 
7.7 
7.0 
7.0 
6.5 
5.9 
5.6 
5.6 
5.7 
&8 
5.9 

1.1 
1.4 
1.6 
l.d 
1.6 
1.5 
1.6 
3.6 
2.0 
2.1 
2.2 
1.6 
1.9 
1.7 
1.6 

October    28 

6.8 
5.8 
6.8 
7.7 
7.9 
7.0 
7.8 
7.5 
7.2 
7.7 
7.2 
6.6 
6.0 
6.7 

2.0 

14 

29.. 

2.0 

15 

30 

2.2 

16 

31 

1.9 

17 

Xovember  I 

2.0 

IS 

2 

1.8 

19     

3 

1.8 

20 

4 

1.8 

21 

5 

1.7 

29        ..                     .       . 

6 

1.7 

23 

7 

8 

2.7 

24  

1.8 

25 

9 

1.8 

26 

10 

2.0 

27 

Whole  namberof  days'  observations  made,  29.  Mean  high -water,  6.85  on  gange;  mean  low-water». 
1.81  on  gange ;  mean  rise  and  fall,  5.04  feet.  Lowest  tide  below  mean  low- water,  0.71  foot ;  highest  tide 
above  mean  high-water,  1.05  feet. 

Record  of  tide-gauge  Jcept  at  Butler  Hospital  wharf,  Pawtucket  River,  Rhode  Island,  in  April 

and  May,  1873. 


Date. 

High-water. 

Low-water. , 

Date. 

High-water 

Low-water. 

April  22 

Feet. 
&5 
5.7 
6.2 
5.7 
5.6 
5.6 
5.3 
5.5 
5.4 
4.2 
4.5 
4.8 
4.8 
4.1 

1.0 
0.5 
0.3 
0.1    1 
0.0 
0.1    1 
0.05  1 
0.4    I 

ai   1 

0.3 
0.9 

1.0    1 
0.7    1 
0.6    1 

May6 

Fut 
4.6 
4.9 
5.0 
5.25 
4.9 
5.3 
5.5 
5.6 
4.8 
5.4 
5.1 
5.2 
4.6 
4.7 

Feet 
0.9 

23 

^7.:.: 

1.1 

24.           

8 

0.8 

25 

9 

0.8 

86 

10 

LI 

27 

11 :. 

0.6 

28 

12 

0.8 

29 

13 

1.1 

30 

14 

0.8 

May    1 

jnsy     1...... ...... ...... 

15 

0.9 

16 

0.85 

3 

17 

LO 

4 

18 

L3 

5            

19 

0.7 

Whole  nnmber  of  days'  observations  made,  28.  Mean  high- water,  5.13  on  gauge;  mean  low-water, 
CX7  on  gauge :  mehn  rise  and  fall,  4.46  feet.  Lowest  tide  below  mean  low- water,  0.67 ;  highest  tide  above 
mean  high- water,  1.07. 


X  8. 

PROVIDENCE  RIVER,  RHODE  ISLAND. 

Operations  under  the  act  approved  March  3,  1873,  appropriating 
$10,000  for  this  work,  were  confined  to  the  removal  of  the  point  of 
Long  Bed. 

The  contractor  commenced  work  early  in  July,  1873,  and  completed 
his  contract  in  the  latter  part  of  September,  having  removed  30,529^ 
cubic  yards  of  materia). 

After  the  work  of  dredging  was  completed,  an  obstrnctioti  was  found 
in  the  channel  outside  of  where  the  work  had  been  done.  This  obstruc- 
tion, on  examination,  proved  to  be  a  clump  of  piles,  cut  off  near  the 
river-bottom.  They  were  said  to  be  the  remains  of  an  old  dolphin  placed 
there  to  mark  the  channel.  These  piles  (twenty-one  in  all)  were  re- 
moved with  a  dredge  and  diver. 

The  improvements  completed  have  given  to  the  channel  at  this  place 
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an  additional  width  of  400  feet,  making  it  800  feet  wide,  and  have 
straightened  the  12  and  9  foot  contours. 

The  estimate  in  my  last  annual  report  was  for  the  removal  of  this 
point  far  enough  back  to  straighten  the  6-foot  contour ;  but  the  work 
having  cost  4  cents  per  cubic  yard  more  than  was  estimated  for,  the 
money  appropriated  was  not  sufficient  to  complete  the  improvement  I 
then  recommended. 

It  is  thought,  however,  that  the  work  already  done  leaves  this  part 
of  the  river  in  as  good  condition  as  is  necessary  for  the  safety  and  con- 
venience of  commerce.    No  farther  appropriation  is  therefore  asked  for. 

The  work  has  been  under  the  superintendence  of  Mr.  H.  A.  Bentley, 
assistant  engineer,  whose  report,  giving  in  detail  the  plan  of  operations 
during  the  past  year,  is  appended  to  mine. 

Providence  River  is  in  the  Providence  collection-district,  and  Providence  is  the 
nearest  port  of  entry. 

The  amount  of  revenue  collected  there  dnring  the  fiscal  year  ending  Jane  30, 1874, 
was  tl84,197.37. 

Financial  statement 

Balance  in  Treasury  of  United  States  July  1,  1873 |10,000  00 

Amount  in  hands  of  officer^and  subject  to  his  check 178  24 

Amount  expended  during  the  fiscal  year  ending  June  30,  1874 10, 101  26 

Amount  available  July  1, 1874 i. 76  98 


Report  of  R.  A,  Bentleiff  Assistant  Engineer. 

Engineek  Office  Unttbd  States  Army, 
Newport,  B,  L,  June  30,  1874. 

General:  I  have  the  honor  to  make  the  following  report  of  operations  for  the  re- 
moval of  the  point  of  Long  Bed,  Providence  River,  Rhode  Island. 

The  survey  of  Providence  River  between  Fox  Point  and  Field's  Point  made  in  1872, 
under  your  direction,  by  me,  included  the  point  of  Long^  Bed.  From  the  map  of  this 
survey  an  estimate  was  made  for  the  removal  of  this  point,  so  as  to  straighten  all  the 
contours  between  12  and  6  feet.  The  estimate  was  for  the  removal  of  40,000  cubic 
yards  of  material,  to  cost  25  cents  per  cubic  yard,  making  a  total  of  $10,000,  not  in* 
eluding  the  cost  of  superintendence,  &c. 

By  act  of  Congress  approved  March  3,  1873,  $10,000  was  appropriated  for  this  im- 
provement. 

Before  issuing  specifications  for  this  work,  borings  were  made  to  ascertain  the  char- 
acter of  the  material.  The  borings  were  made  with  an  iron  rod  which  was  driven  to 
a  depth  of  20  feet  below  mean  low-wate^.  The  material  was  found  to  be  shells,  gravel, 
and  mud,  closely  packed. 

After  the  usual  advertisements,  the  work  was  let  to  Mr.  S.  F.  Shelboume,  of  New 
York  City,  for  29  cents  per  cubic  yard.  Mr.  Shelbonrne  commenced  work  Jnly  8,  1873, 
with  a  large  clam-shell  dredge,  and  during  the  month  of  July  removed  10,102  yards; 
in  August  he  removed  11,496  yards;  and  in  September  he  removed  8,931  yards — making 
a  total  of  30,529  cubic  yards. 

The  dredging  done  had  straightened  the  12  and  9  foot  contour  lines,  and  the  balance 
of  the  appropriation  being  insufficient  to  make  another  cut,  the  work  was  stopped 
(September  2o.) 

The  estimate  for  this  work  was  for  25  cents  per  cubic  yard,  whereas  it  cost  29  cents,  a 
difference  of  4  cents  per*  cubic  yard,  which  on  the  estimated  number  of  yards  would 
amount  to  11,000;  this  added  to  |lO,0()0  (estimated  cost),  -(-  $1,200  for  superintendence, 
would  give  the  cost  $12,800.  This  amount,  less  |1 0,000,  appropriated  by  act  approved 
March  3, 1873,  leaves  $2,800  necessary  to  complete  the  improvement  estimated  for. 

The  improvement  as  completed  is,  I  think,  adequate  to  the  wants  of  commerce  here. 
But  few  vessels  coming  up  this  river  are  of  a  lighter  draught  than  10  feet  when  loaded ; 
and  if  the  channel  was  straightened  to  the  6-foot  contour,  my  later  experience  here 
leads  me  to  think  that  it  would  not  be  of  sufficient  practical  value  to  warrant  the  ex- 
penditure of  even  the  small  amount  of  money  necessary  to  do  the  work. 

In  the  spring  of  1874  complaint  was  made  through  the  United  States  light-house 
inspector  of  this  district  that  a  clump  of  piles,  cut  off  under  water,  had  been  left  by  the 
contractor. 
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An  ezaminatioo  of  that  part  of  Long  Bed  dredged  discovered  no  obstruction  here; 
but,  on  extending  the  examination  into  the  channel,  a  hnmmock  was  found  with  less 
than  12  feet  of  water  on  it,  while  there  was  a  depth  of  15  feet  around  it.  This  hum- 
mock proved  to  be  a  clump  of  piles  cut  off  near  the  river-bottom.  A  dredge  was  em- 
ployed and  set  at  work  digging  around  these  piles.  A  diver  was  then  sent  down  to  fasten 
to  the  piles  a  chain  which  was  lowei-ed  to  him  on  the  bucket  of  the  dredge.  The  piles 
were  then  pulled  singly  by  raising  the  bucket.  In  this  manner  twenty-one  piles  were 
taken  out.  These  piles  were  driven  so  closely  together  that  they  had  to  be  pried  apart 
to  fasten  the  chain.  They  are  supposed  to  be  remnants  of  an  old  dolphin  put  at  this 
point  to  mark  the  channel,  and  had  been  cut  off  by  the  ice. 

The  dredge  for  this  work  was  furnished  by  Mr.  E.  R.  Seward,  of  Albany,  N.  Y.  It 
cost  |75  per  day,  and  was  employed  three  days.  A  steaui-tng  was  also  employed  to  tow 
the  dredge  into  position,  and  to  tow  away  scows;  this  cost  (45.  The  diver  and  appa- 
ratna  were  furnished  by  Messrs  S.  Grant  &  Co.,  of  Pawtucket,  the  cost  of  which  was 
$85,  making  the  total  expense  of  removing  the  piles  $355.     This  amount,  added  to 

♦8,853.41  expended  under  contract —  |9,208  41 

The  superintendence  and  cost 791  59 

10,000  00 
Appropriated  by  act  approved  March  3, 1873 10.000  00 

The  channel  at  this  place  is  noW  800  feet  wide,  being  400  feet  wider  than  it  was 
before  the  dredging  ^as  done. 
Very  respecuully, 

H.  A.  Bentlky, 

Civil  Engineer. 
G.  K.  Wakren, 

Major  of  Engineers^  Bvt.  Maj.  Oen,,   U.  S,  A» 


X  9. 

WICKFORD  HARBOR,  RHODE  ISLAND. 

The  amoant  appropriated  for  this  work  by  act  of  Congress  approved 
March  3, 1873,  $5,000,  was  expended  in  dredging  by  contract  at  40  cents 
per  yard,  and  in  removing  one  bowlder  lying  in  the  channel  used  by  the 
steamer  plying  between  Wickford  and  Newport. 

There  was  little  competition  for  this  work,  and  in  cases  like  it,  where 
the  amount  of  money  is  small,  better  bargains  can  be  made  than  by  ad- 
vertising for  proposals. 

A  survey  of  that  part  of  the  channel  where  dredging  was  done  was 
made  after  the  close  of  the  work.  The  soundings  taken  at  that  time 
are  shown  In  red  in  the  accompanying  sketch ;  the  map  and  soundings 
in  black  are  from  the  survey  of  1872. 

Amount  of  material  removed,  11 ,  213  cubic  yards,  at  40  cents |4, 485  20 

Cost  of  reaioviog  bowlder 100  00 

Soperintendence 414  80 

5,000  00 

The  recent  appropriation  of  $5,000  will  be  spent  in  the  removal  of 
obstructing  points  and  in  widening  the  existing  channel. 

No  further  appropriation  for  dredging  will  be  at  present  required  here. 
The  great  remaining  obstacle  in  this  harbor  is  James's  Ledge,  a  large 
rock  covered  by  but  2.7  feet  at  low-water,  and  marked  only  by  a  black 
spar-buoy.  With  my  report  on  the  survey  of  this  harbor,  dated  Decem- 
ber 24,  1872,  incorporated  in  the  annual  report  for  1873,  was  transmit- 
ted a  contour  map  of  this  rock,  with  an  estimate  of  $15,600  for  its  re- 
moval to  10  feet  below  mean  low- water,  to  which  report  I  now  refer.  A 
beacon  sufficient  to  clearly  mark  this  obstacle  could  be  built  at  a  cost  of 
probably  much  less  than  the  estimate  for  its  removal ;  and  as  the  chan- 
nel at  James's  Ledge  is  of  ample  width,  such  an  improvement  would 
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meet  the  wants  of  uavigation  as  well  as^  if  not  better  than,  this  partial 
removal. 

Wickford  is  in  the  Newport  coUectioQ-district.  Newport  is  the  Dearest  port  of  entry. 
The  anioant  of  revenue  collected  darinir  the  fiscal  year  endinir  Jnne  30,  1874,  waa 
$2,514.94.  *  0^  8  ,  . 

Financial  statement 

Balance  in  Treasary  of  United  States  Jnly  I,  1873 $5,000 

Amount  appropriated  by  act  approved  Jnne  23,  1874 5, 000 

Amount  expended  during  the  fiscal  year  endinj^  June  30, 1874 5, 000 

Amount  available  July  1,1874 5.00O- 


X   ID. 

BLOCK  ISLAND,  RHODE  ISLAND. 

The  appropriation  of  March  3,  1873,  being  early  available,  the  con* 
tractor  for  extending  the  breakwater  was  enabled  to  get  at  work  in 
June  of  that  year.  This  work  was  actively  prosecated  until  October, 
at  which  time  all  was  done  in  this  way  that  Was  then  desirable. 

In  these  live  months  13,657  tons  of  stone  was  deposited,  at  a  cost 
of  $2.93  per  ton.  During  October  and  November  we  removed  446  tons 
of  large  bowlders  from  the  inclosed  area,  at  a  cost  of  $4.75  per  ton,  and 
these  were  deposited  in  the  breakwater.  In  extending  the  breakwater 
this  year  we  reduced  its  section,  so  as  to  gain  shelter  more  rapidly, 
diminishing  the  width  on  top  from  30  feet  to  15  feet,  and  the  seaward 
slope  from  1  on  3  to  1  on  2.  The  winter-storms  show  that  this  is  an  in- 
sufficient width,  as  we  expected  they  would;  but  the  amount  of  change 
effected  was  but  little,  and  occasions  no  loss,  as  we  can  complete  the 
work  now  at  as  little  cost  as  if  it  had  been  all  done  at  one  time,  besides 
having  the  benefit  of  a  larger  harbor  at  once.  During  the  latter  part 
of  the  past  fiscal  year  we  began  to  add  to  the  facilities  of  the  inner  har- 
bor by  piling  and  making  landings,  as  the  greatly  increased  business  of 
the  place  required.  We  could  not  allow  private  parties  to  build  In  this 
basin.  The  Fall  Eiver  Iron  Company,  by  due  permission  of  the  War 
Department,  was  allowed  to  build  a  wharf  along  the  inside  of  the  main 
breakwater,  which  is  a  valuable  addition  to  the  public  facilities  for 
business. 

There  is  enough  money  on  hand  to  entirely  remove  the  bowlders 
where  the  water  has  a  depth  as  great  as  6  and  6  feet  within  the  pro- 
tected anchorage.  The  last  appropriation  of  $20,000  it  is  proposed  to 
use  in  strengthening  the  part  of  the  breakwater  built  last  year  and  in 
extending  it  about  100  feet  further.  This  will  be  as  far  as  it  is  desirable 
for  it  to  go.  It  will  then  have  been  built  1,350  feet  from  the  shore  and 
out  to  a  depth  of  15  feet  at  mean  low- water. 

The  next  improvement  required  will  be  a  detached  piece,  leaving  an 
opening  about  200  feet  wide  at  the  terminus  of  the  main  work,  and  ex- 
tending northwesterly  at  an  angle  of  about  45°  with  it  and  300  feet 
long.  This  will  complete  the  shelter  from  northeast  storms.  It  is  very 
desirable  to  have  the  amount  sufficient  for  this  appropriated  all  at  once, 
for  in  an  incomplete  state  it  would  prove  a  dangerous  obstruction.  • 

The  further  improvement  consists  in  extending  the  jetty  from  the 
west  shore  to  gain  still-water  behind  it,  and,  if  a  greater  draught  is  re- 
quired, to  gain  this  by  dredging  the  sheltered  area.  No  serious  filling 
up  has  taken  place  in  this  part.    The  report  of  my  assistant  engineer,.. 
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Mr.  J.  P.  Cotton,  with  map  and  all  other  details  for  investigating  the 
conduct  of  this  work,  accompanies  my  report. 

The  appropriation  of  $00,000  for  the  next  year  is  recommended. 

Besides  the  protection  afforded  to  common  interests  in  storms,  Block 
Island,  under  the  beneficial  influence  of  this  public  work,  is  becoming  a 
place  of  much  resort,  and  from  the  protection  given  to  fishing-smacks, 
a  large  field  is  opened  for  the  fishermen  supplying  the  markets  of  our 
principal  cities. 

Block  Island  is  in  the  Newport  collection -district,  and  Newport  is  the  nearest  port  of 
entry.  The  amount  of  revenue  collected  there  in  the  fiscal  year  ending  June  30,  1874, 
\ras  $2,514.94. 

Financial  atatemenU 

Balance  in  Treasury  of  United  States  July  1,  1373 $60,000  00 

Amount  in  hands  of  oflicer,  and  subject  to  his  check,  (including  $857.32  per- 
centage dne  on  contracts  not  yet  completed) 6, 551  55 

Amoant  appropriated  by  act  approved  June  '23.  1874 20, 000  00 

Amount  expended  during  the  fiscal  year  ending  June  30,  1874 50, 572  30 

Amount  available  July  1, 1874 35,979  25 

Amount  required  for  the  fiscal  year  ending  July  30,  1876 60,000  00 


Report  of  Mr^J,  P.  Cotton,  Assiatant  Engineer, 

Engineer  Office  United  States  Army, 

Netcport,  B.  /.,  June  30,  1874. 

General  :  I  have  the  honor  to  submit  the  following  report  of  operations  on  the  im- 
provement of  Block  Island  Harbor,  Rhode  Island,  during  the  fiscal  year. 

At  the  date  of  my  last  report,  August  31,  1873,  the  contractor  for  furnishing  granite 
for  the  breakwater,  under  appropriation  made  by  act  approved  March  3,  1873,  Mr. 
Francis  H.  Smith,  of  New  York,  had  already  placed  upward  of  8,000  tons  of  granite  in 
the  work.  He  continued  to  prosecute  the  work  diligently  until  the  completion  of  his 
contract,  October  31,  1873.  The  amount  of  granite  put  in  the  work  by  hiui  is  as  fol- 
lows: June,  1,463  tons;  July,  2,852.7  tons;  August,  4,200.3  tons;  September,  3,644 
tons ;  October,  1,497  tons ;  total,  13,657  tons. 

This  amount  greatly  exceeds  that  put  in  by  any  previous  contractor  on  this  work  in 
tho  same  length  of  time.  His  being  able  to  deliver  the  stone  so  rapidl^^  was  maiuly 
dne  to  employing  a  steamer  to  carry  stone  and  tow  the  sailing-vessels  when  there  was 
no  wind,  and  to  the  circumstance  that  the  work  is  so  far  extended  that  vessels  can 
unload  in  any  weather  when  they  can  run  to  the  island.  The  employment  of  a 
sreamer  was  made  a  condition  in  advertising  for  proposals  and  awarding  the  con- 
tract. 

During  October  and  November,  1873,  about  446  tons  of  bowlders  were  removed  from 
the  anchorage  sheltered  by  the  breakwater,  at  a  cost  of  $6  per  ton.  They  were  placed 
in  the  main  work.  An  agreement  has  been  made  with  parties  to  commence  the  re- 
moval of  bi)w]derH  July  1,  at  $4.75  per  ton.  If  from  this  we  take  the  last  contract- 
price  of  stone  placed  in  the  main  work,  we  have  for  net  cost  of  removal  of  bowlders 
$4.75—12.93=^1.82  per  ton.  This  price  I  regard  as  very  favorable  for  the  Government, 
and.  in  view  of  the  increased  value  of  the  harbor,  if  entirely  cleared  of  rocks,  I  would 
recommend  that  the  work  be  continued  until  all  are  removed.  If  those  using  the  har- 
l>or  know  that  there  is  no  danger  from  rocks  on  the  bottom,  they  will  anchor  in  much 
less  water  than  they  wonld  if  there  was  an  occasional  bowlder  that  they  might  strike. 
If  they  are  removed,  much  of  the  harbor,  with  6  to  8  feet  depth  at  mean  low-water, 
that  is  now  useless  because  of  them,  will  become  available  for  small  vessels,  leaving 
tho  greater  depth  of  water  for  those  of  greater  draught. 

Piles  have  been  driven  and  the  necessary  lumber  is  on  hand  to  complete  the  wharf 
on  the  east,  south,  and  west  sides  of  the  inner  harbor.  These  wharves  will  be  com- 
pleted during  the  season. 

The  Fall  River  Iron  Company,  of  Fall  River,  Mas.^.,  obtained  a  charter  from  the  legis- 
lature of  the  State  of  Rhode  Island  and  permission  of  the  honorable  Secretary  of  War, 
to  erect  a  wharf  on  the  west  side  of  the  main  breakwater  outside  of  the  inner  harbor. 
Tbey  have  built  a  pile-wharf  175  feet  long  and  20  feet  wide,  and  intend  to  run  a 
steamer  to  the  island  two  days  each  week  during  the  summer. 

This  wharf,  built  east  of  the  opening  of  the  inner  harbor  and  close  to  the  main 
breakwater,  will  serve  the  double  purpose  of  a  fender  to  prevent  vessels  from  going  on 
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to  the  rocks  of  the  breakwater  in  case  of  misstayiDg  in  entering  or  leaving  the  inner, 
harbor,  and  to  warp  to,  before  making  sail,  when  the  wind  is  from  the  north. 

In  May,  1874,  soundings  were  made  in  the  inner  har- 
,  bor  and  over  the  area  sheltered  by  the  breakwater,  to 

see  if  the  effect  of  the  breakwater  had  been  to  fill  up 
the  harbor.  These  soundings,  compared  with  those 
made  soon  after  the  work  was  commenced,  do  not  in- 
dicate that  filling  has  taken  place  to  any  ext<ent,  ex- 
cept over  a  very  small  area  near  the  shore,  where  the 
water  was  so  shoal  as  to  be  of  little  use,  and  this  area 
is  in  the  angle  formed  by  the  shore  and  the  west  crib 
of  the  inner  harbor. 

The  dimensions  of  that  part  of  the  work  built  last 
season  were  less  than  that  built  heretofore,  being  but 
10  to  15  feet  wide,  6  feet  above  high-water,  with  a  slope 
of  2  on  1  on  the  seaward  side  and  1  on  1  on  the  shore 
side.  With  these  dimensions  the  work  stood  the 
storms  of  winter  very  well,  being  but  slightly  modified 
in  a  few  places  by  them.  The  changes  made  in  dimen- 
sions in  1873  were  in  the  width  and  in  the  seaward 
slope,  the  shore  slope  remaining  the  same,  yet  <Aw  only 
was  changed  by  the  waves. 

An  examination  of  the  portion  built  with  the  orig- 
inal dimensions  of  30  feet  wide,  with  seaward  slope 
of  3  on  1,  and  inner  slope  of  1  on  1,  failed  to  discover 
any  changes  in  the  inner  slox>e.  From  this  it  would 
appear  that  the  fault  in  this  part  was  not  of  slope, 
which  alone  showed  the  effects  of  the  sea,  but  of  width. 
The  seas  advancing  upon  it  strike  and  run  up  the  fore 
slope  and  break  on  top  of  the  work.  The  weight  of 
the  sea  with  its  motion  proves  too  much  for  the  work 
with  its  present  cross-section.  The  annexed  cross^ 
section  shows  the  effect  of  the  sea,  the  full  lines  rep- 
resenting the  \vork  as  constructed,  and  the  broken 
lines  a  characteristic  section  in  a  part  where  the 
waves  have  modified  it.  Had  this  work  been  cappe<l 
by  a  parapet  Avith  a  vertical  face  toward  the  sea  of 
sufficient  strength  to  have  withstood  the  waves,  the 
outet'  slope  would  have  received  the  shock  of  the  reced- 
ing wave.  It  was  not  anticipated  that  this  cross-sec- 
tion would  be  suflicient  to  withstand  the  waves,  but 
by  building  it  thus  we  were  able  to  get  more  shelter 
with  the  money  spent  than  we  could  have  had  if  it  had 
been  completed  to  its  full  width. 

That  part  of  the  work  built  last  season  cost  about 
|120  per  foot  of  length.  To  complete  it  to  the  re- 
quired width  and  cross-section  will  probably  make 
the  cost  per  foot  $175.  The  extension  of  this  work 
with  its  full  width  will  probably  cost  $200  per  foot 

With  the  remainder  of  the  appropriation  made  by 
act  approved  March  3, 1873,  it  is  designed  to  finish  the 
wharves  and  remove  the  bowlders  from  the  anchorage. 
The  appropriation  of  $20,000,  made  by  act  approved 
June  23, 1874,  will  be  expended  in  increasing  the  width 
of  thati>art  of  the  breakwater  built  last  year  and  ex- 
tending it  as  far  as  the  funds  will  pay  for.  It  is 
thought  that  the  main  work  will  then  be  extended 
as  far  as  is  necessary  for  a  harbor  for  the  class  of  ves- 
sels for  which  it  was  designed.  It  will  then  be  neces- 
sary to  turn  the  work  to  the  westward,  or  to  build  a 
detached  pier  to  protect  the  harbor  from  northeast 
storms,  the  only  ones  to  which  the  anchorage  is  now 
exposed. 

I  think  a  detached  pier  300  feet  long,  extending  in  a  northwest  and  southeast  direc- 
tion, will  best  meet  the  requirements  in  the  case,  in  that,  while  it  keeps  out  the  sea,  it 
can  be  so  placed  as  to  offer  but  little  obstruction  in  entering  or  leaving  the  harbor. 

This  pier  should  be  placed  at  least  200  feet  north  of  the  iiead  of  the  main  work,  in 
order  to  give  an  opening  for  vessels  to  leave  the  harbor  in  north  and  west  winds  and 
to  enter  m  southerly  and  easterly  winds. 
When  this  detached  pier  is  completed  and  the  jetty  on  the  reef  extended  to  within 
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about  800  feet  of  it,  the  barbor  will  be  completely  sheltered  in  all  storms,  bavin;;  an 
area  of  17  acres,  with  from  o  to  15  feet  of  water  at  mean  low- water. 

This  depth  can  be  sufficiently  increased  by  dred^tn^  to  accommodate  vessels  likely 
to  seek  it  for  shelter  for  much  less  than  the  work  could  be  extended  to  include  deep 
water. 

The  probable  cost  of  complotinj?  the  harbor  in  accordance  w^ith  the  above  plan  will 
be: 

For  pier,  300  feet  lonfj,  at  S200 $60,000 

For  extending  jetty  700  feet,  at  8*25  per  foot 17,  .500 

Saperintendence 8,  J^OO 

86,000 

I  have  been  assisted  in  this  work  during  the  season  of  active  operations  by  Mr.  G. 
N.  Weaver,  civil  engineer. 
Respectfully  submitted. 

J.  P.  Cotton, 

Civil  Engineer. 
G.  K.  Warrkx, 

Major  of  Engineers j  Bri.  Maj,  Gm,,  U.  S.  A. 


X   II. 
PAWCATUCK  RIVER,  RHODE  ISLAND  AND  CONNECTICUT. 

The  $10,000  appropriated  March  3,  1873,  was  all  expended  under  the 
<;ontract  reported  in  my  last  annual  report,  work  ceasing  in  November. 
The  channel,  5  to  5J  feet  deep,  was  curried  up  to  the  wharves  at 
Westerly  with  a  width  of  40  feet,  except  at  a  bend,  where  it  was  made 
60  feet  wide. 

The  first  survey,  made  in  1870,  was  hurriedly  done  and  by  inexpe- 
rienced engineers,  and  was  not  as  complete  as  desired.  A  new  and 
careful  survey  was  made  in  the  season  of  1873  by  Mr.  H.  A.  Bentley, 
aAsistant  engineer,  who  had  charge  of  the  improvement.  The  map  and 
his  report  are  transmitted  herewith.  The  report  gives  a  full  history  of 
all  the  previous  work  and  an  estimate,  based  ou  the  new  survey,  of 
what  will  be  the  cost  of  the  a<lditional  improvements  required  to  make 
the  channel  everywhere  not  less  than  5i  feet  deep  at  mean  low-water 
and  75  feet  wide.  The  mean  rise  of  thetide  here  is  only  about  2^  feet. 
The  amount  of  work  remaining  to  be  done  at  the  close  of  the  last 
season's  operations  will  cost  about  $21,000.  The  amount  appropriated 
Jnne  23,  1874,  $10,000,  leaves  $11,000  still  to  be  provided,  which  it  is 
recommended  should  be  given  all  at  once. 

With  the  api)ropri<atiou  now  on  hand  it  is  proposed  to  continue  the 
dredging  by  widening  the  channel  where  it  is  most  needed.  Already 
the  improvement  of  this  river  has  greatly  diminished  the  cost  of  freight- 
ing to  Westerly. 

The  Pawcatuck  River  is  the  boniidary  between  the  Stoninjrton  and  Providence  col- 
lectioD-districts.  Stoninjjton  is  the  nearest  port  of  entry.  The  amount  of  revenue 
collected  daring  the  fiscal  year  ending  June  :$0,  1874,  at  Stouington,was  $30,346.14, 
and  at  Providence  $184,197.37. 

Finaneial  statement. 

Balance  in  Treasury  of  United  States  July  1,  1873 $10, 000  00 

Amoant  in  hands  of  officer  and  subject  to  his  check,  ( including S800.17,  per- 
centage due  on  contracts  not  yet  completed) 1, 858  42 

AmoQD t  appropriated  by  act  approved  J  uue  *23,  1874 10,  000  00 

Amount  expended  during  the  fiscal  year  ending  June  30,  1874 11, 608  7*i 

Amount  available  July  1,  1874 10,  1H9  70 

Amoant  required  for  the  fiscal  year  ending  June  30,  1876 11 ,  000  00 
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Report  of  Mr,  H,  A.  Beniley^  Asaiatant  Engineer. 

Engineer  Office,  United  States  Army, 

Newporty  R.  /.,  June  10, 1874. 
General  :  1  have  the  hoDor  to  submit  herewith  a  report  on  the  improvement  of  the 
Pawcatiick  River,  Rhode  Island  and  Connecticut,  embracing  a  history  of  the  work  since 
its  commencement,  a  description  of  the  survey  made  in  1873,  aiid  estimates  for  improve- 
ments still  needed. 

HISTORY  OF  improvements  COMPLETED. 

A  survey  of  this  river,  with  a  view  to  its  improvement,  was  made  in  accordance  with 
the  second  section  of  a  bill  making  appropriations  for  rivers  and  harbors  for  the  fiscal 
year  ending  June  30,  1871,  which  provided  (among  others)  for  a  survey  of  the  Pawca- 
tuck  River,  Rhode  Island  and  Connecticut. 

This  survey  was  made,  under  your  direction,  by  Mr.  John  H.  Dager,  civil  engineer, 
in  the  fall  of  1870.     It  extended  from  Westerly  to  Little  Narragansett  Bay. 

The  map  of  this  survey  showed  that  a  draught  of  5  feet,  at  mean  low-water,  could 
be  carried  no  farther  up  the  river  than  Gravelly  Beach  ;  above  this  the  w^at«r  varied 
in  depth  from  2  to  4  feet. 

Mr.  Dager,  in  his  report  on  this  survey,  deemed  a  channel  75  feet  wide  and  5  feet 
deep  adequate  to  the  commercial  wants  of  Westerly. 

Congress  by  act  approved  March  3, 1871-,  appropriated  $10,000  for  the  improvement 
of  this  river. 

Dredging  having  been  decided  on  as  the  best  way  of  opening  the  desired  channel, 
advertisements  were  issued  for  proposals  to  do  the  work.  It  was  awarded  to  Mr.  E.  R. 
Seward,  of  Albany,  N.  Y.,the  lowest  bidder.  Mr.  Seward,  however,  did  not  commence 
work  at  the  time  spcciiied  in  his  contract,  and,  alter  waiting  a  reasonable  time  for  him 
to  commence,  arrangements  were  made  with  Mr.  M.  F.  Brainard,of  Albany,  N.  Y.,  and 
Mr.  T.  J.  Hill,  of  Providence,  R.  I.,  to  do  the  work  at  about  the  same  price  as  Mr. 
Seward  had  agreed  to,  (35  cents  per  cubic  yard.) 

Mr.  Brainard's  dredge  commenced  work  in  the  latter  part  of  October,  1871,  at  Cer- 
tain Draw  Point,  and  dredged  one  cut  (throwing  the  material  on  the  side)  down  to 
opposite  Gravelly  Beach,  where  it  joined  deep  w^at^r.  The  channel  here  runs  close  to 
the  shore,  west  of  the  cut  made;  owing  to  an  insufficient  number  of  soundings  having 
been  taken  when  the  survey  w^as  made,  this  part  of  the  channel  was  not  shown  on  the 
map,  and  the  cnt  was  made  before  it  was  discovered.  While  the  channel  here  needed 
straightening,  it  was  not  considered  of  so  much  importance  as  the  deepening  of  the 
shoals  above,  because  vessels  could,  with  a  Utile  tronble,  navigate  the  old  channel, 
whereas  above  it  was  impossible.  The  plan  of  operations  w^as  consequently  changed. 
Mr.  Brainard's  dredge  was  set  at  work  making  a  cut  opposite  Major's  Island,-  throwing 
the  material  over  the  side,  the  depth  of  water  here  not  being  sufficient  to  float  scows. 

Mr.  Hill's  dredge  arrived  shortly  after  Mr.  Brainard's,  and  was  started  at  work  a 
short  distance  above  Pawcatnck  Rock.  The  work  up  to  this  time  was  under  the  super- 
intendence of  Mr.  H.  A.  Frink,  civil  engineer,  who  was  relieved  by  Mr.  H.  S.  Van  Ingen, 
civil  engineer.  Mr.  Van  Ingen  remained  in  charge  until  April,  1H73,  when,  by  your  direc- 
tion, I  assumed  charge  of  the  work. 

It  was  found  necessary  to  change  the  depth  to  be  dredged  to  from  5  to  5i  feet  at 
mean  low- water,  in  order  to  float  the  scows  at  low- water. 

This  appropriation  completed  a  channel  40  feet  wide  and  5^^  deep,  to  a  point  opposite 
the  cemetery,  except  immediately  above  Pawcatnck  Rock,  where  the  channel  was  made 
70  feet  wide..  It  also  completed  a  cut  about  1,400  feet  long  opposite  Major's  Island. 

By  act,  of  Congrefs  approved  June  10,  1872,  $10,000  was  appropriated  for  the  contin- 
uance of  this  work.  This  money  was  expended  in  connecting  the  channel  dre<lged  up 
to  the  cemetery  with  the  cut  opposite  Majoi-'s  Island,  and  in  widening  this  cut  by- 
making  another  along  its  side.  The  tirst  cut  made  opposite  Major's  Island  had  filled 
in  at  several  places  to  such  an  extent  that  it  had  to  be  redredged  in  order  to  make  water 
enough  to  float  the  scows  while  making  the  second  cut.  The  material  from  the  first 
cut  was  thrown  on  the  west  side  of  the  cut  because  the  water  was  too  shoal  to  nse 
scows.  The  bank  thus  thrown  up  has  washed  down  considerably,  and  it  was  undoubt- 
edly pait  of  the  material  of  this  bank  that  formed  the  shoals  (in  the  flrst  cnt)  re- 
dredged.  This  is,  however,  probably  as  economical  a  way  as  any  other  of  oi)ening  a 
channel  through  so  sboal  a  place. 

By  act  of  Cougrees  approved  March  3,  1873,  $10,000  was  appropriated  for  continuing 
this  woik.  The  money  was  expended  in  carrying  the  channel  dredged,  with  the  last 
appropriation,  up  to  the  Westerly  wharves.  This  channel  is  40  feet  wide,  except  at 
the  turn  near  the  new  ice-house,  where  it  was  made  60  feet. 

The  dredging  under  the  appropriations  of  1872  and  1873  was  done  by  Mr.  E.  M. 
Payn,  of  Albany,  N.  Y.,  at  the  rate  of  36^  cents  per  cubic  yard,  and  was  coniplete<l  in 
November,  so  that  its  benefit  was  partly  realized  that  season. 


Digitized  by  LjOOQ  IC 


REPORT   OP   THE    CHIEF    OF   ENGINEERS.  245 

CHARACTER  OF  MATERIAL  DREDGED. 

The  material  foaad  in  dredging  that  part  of  the  river  below  Pawcatuck  Rock  was 
soft  mud.  Bjtweeu  Pawcataok  Rock  and  the  cemetery  it  was  sand  and  mud.  Between 
the  cemetery  and  Major's  Island,  fine  river-  sand.  In  dredging  this  sand  there  woald 
b^  occasionally  brought  up  a  layer  of  very  tine  white  sand ;  it  was  generallv  between 
two  layers  of  decayed  vegetable  matter.  These  layers  were  about  3  inches  thick. 
Above  Minor's  Island  the  material  is  gravel,  so  closely  packed  as  to  make  it  hard 
dredging  for  an  Osgood  machine. 

SURVEY  OF  1873. 

The  map  of  this  river,  made  in  1870,  was  from  a  preliminary  survey,  and  was  not 
enough  in  detail  to  answer ,  the  purposes  of  a  working  drawing ;  besides  this,  it  did 
not  show  the  increased  depth  made  by  dredging.  It  was  in  consideration  of  these  rea- 
sons deemed  by  yon  necessary  to  have  a  new  survey  made. 

In  accordance  with  instructions  received,  I,  while  prosecuting  the  improvement  in 
September  and  October,  1873,  made  a  complete  new  survey  of  the  river  from  the  dam 
at  Westerly  to  about  a  half  mile  below  Lottery. 

The  following  is  a  description  of  the  method  of  making  this  survey  : 

The  river  was  covered  by  a  system  of  triangles  in  which  each  angle  was  measured, 
the  points  on  shore  being  fixed  by  stakes.  These  stakes  were  connected  with  the  tra- 
verse lines  by  making  them  stations  of  these  lines.  The  traverse  lines  were  run  on 
each  bank  of  the  river,  the  general  topography  along  each  line  being  taken. 

Sonndings,  located  by  two  angles  from  a  known  base,  were  taken  over  the  part  of 
the  river  surveyed.  These  sonndings  are  referred  to  the  mean  low-water  plane  estab- 
lished by  Mr.  Van  Ingen  in  April  and  May,  1872. 

The  observations  by  which  this  plane  was  established  were  made  for  a  lunation,  at 
the  cemetery. 

The  mean  rise  and  fall  of  tide  is  2.3  feet.  Mean  low-water  is  referred  to  a  bench- 
mark. This  bench-mark  is  the  bottom  of  upper  drill-hole,  in  north  side  of  granite 
post;  in  the  end  of  fence  forming  north  boundary  of  cemetery.  It  is  4.89  feet  above 
mean  low-water. 

The  map  of  this  snrvey  is  platted  to  a  scale  of  200  feet  to  the  inch,  and  is  submitted 
herewith.  This  map  shows  a  channel  5^  feet  deep,  and  from  40  to  60  feet  wide  np  to 
Westerly,  with  two  exceptions,  one  opposite  the  cemetery  and  one  opposite  the  new 
ice-bouse ;  at  these  places  there  is  a  depth  of  about  5  feet  at  mean  low-water. 

IMPROVEMENTS  NEEDED. 

The  channel  as  now  dredged  is  only  about  40  foot  wide.  To  complete  the  improve- 
ments contiemplated  (a  channel  7.5  feet  wide)  will  require  the  removal  of  45,000  cubic 
yards  of  material,  which  at  36^  cents  would  cost  $16,425.  In  addition  to  this,  about 
$2,000  is  needed  to  straighten  the  channel  at  Certain  Draw  Point,  and  about  $500  for 
the  removal  of  rocks  along  the  channel. 

RECAPITULATION  OF  ESTIMATES. 

To  widen  the  channel  to  75  feet,  5^  feet  deep  at  mean  low-water J5l6, 425  00 

To  straighten  channel  at  Certain  Draw  Point 2, 000  00 

For  removal  of  rocks 500  00 

Ten  per  cent,  for  engineering  and  contingencies 1,892  50 

Amount  required  to  complete  improvement 20,817  50 

The  estimates  heretofore  made  for  this  river  have  all  been  too  small,  because  they 
yfere  made  from  the  old  map,  which  did  not  show  the  channel  accurately,  and  because 
the  greater  part  of  the  material  to  be  dredged  is  fine  sand,  which  runs  into  a  dredged 
cut  from  the  sides  to  such  an  extent  as  to  require  the  digging  to  be  carried  to  a  greater 
depth,  in  order  to  leave  the  required  depth.  A  channel  of  the  width  and  depth  recom- 
m<*uded  will  be  ample  for  all  vessels  that  can  enter  this  river,  the  bar  at  the  mouth 
precluding  vessel^  drawing  more  than  5  feet  at  low-water  or  7  feet  at  high-water  from 
entering  the  river. 

The  mouth  of  this  river  is  in  Little  Narragansett  Bay.  As  we  have  no  map  showing 
the  present  condition  of  this  bay.  no  reliable  estimate  can  be  formed  of  the  obstruction 
here.  A  map  of  this  local'ty,  made  by  the  United  States  Coast  Survey  in  1839  and  in 
18.')5,  shows  that  Napatree  Point,  which  separates  the  bay  from  the  ocean,  is  gradually 
cxt**nding  out  into  the  channel  of  the  bay.  A  survey  of  this  bay  is  very  much  needed 
to  show  whether  Napatree  Point  is  still  growing,  and  what  the  depth  of  watei  is  in 
the  channel. 

If  this  snrvey  should  be  made  it  would  also  enable  us  to  better  understand  the  action 
of  the  tides  of  this  river. 

The  total  number  of  cubic  yards  removed  by  dredging  from  the  river  since  the 
commencement  of  the  work,  including  that  thrown  over  the  side,  is  70,575. 
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The  improvement  already  made  in  this  river  has  been  the  cause  of  a  redaction  in  the 
freights  to  Westerly,  amounting  to  75  cents  per  ton. 

The  work  of  dredging  has  been  under  the  immediate  inspection  of  Capt.  S.  Gavitt, 
of  Westerly. 

I  was  assisted  on  the  survey  of  the  river  by  Messrs.  W.  C.  Graham  and  W.  F.  Hill, 
civil  engineers. 
Respectfully  submitted. 

H.  A.  Bentley, 

Civil  Engineer. 
G.  K.  Warken, 

Major  of  Engineers ^  Bvt.  Maj.  Oen.^  V.  S.  A. 


X    12. 


STONINGTON  HARBOR,  CONNECTICUT. 

The  work  of  dredgiug  under  the  appropriatioQ  of  $25,000  by  act 
approved  March  3,  1873,  Avas  comraeuced  October  2,  1873. 

That  part  of  the  harbor  between  the  breakwater  and  old  steamboat- 
dock,  and  between  the  channel  and  wharves,  has  been  dredged  to  a 
depth  of  12  feet  at  mean  low- water;  except  a  small  space  hi  the  upper 
part  of  the  harbor,  where  a  wharf  is  projected,  and  a  space  immediately 
next  the  wharves.  The  dredging  of  these  places  would  have  been  of 
benefit  to  the  property-owners  only. 

The  work  completed  affords  a  small  anchorage  that  is  completely 
sheltered,  but  this  area  is  inadequate  to  the  accommodation  of  the 
number  of  vessels  seeking  shelter  there  during  storms.  It  is  proposed 
to  expend  the  appropriation  of  $20,000  by  act  approved  June  23, 1874, 
and  what  remains  of  the  previous  appropriation,  in  dredging  off  the 
upper  end  of  Penguin  Shoal.  This  will  give  a  direct  increase  of  the 
anchorage-ground  of  about  45  acres,  and  afford  an  easy  access  to  the 
deeper  portions  of  the  harbor  inside  the  steamboat-wharf.  It  has  been 
one  of  the  plans  contemplated  to  deepen  this  inner  space,  and  it  may  be 
desirable  to  do  so,  as  the  digging  is  easy. 

It  must  be  stated  that  the  plan  first  recommended  was  to  construct 
two  new  breakwaters,  exterior  to  the  existing  one  running  out  from 
Stonington  Point  and  Wamphassuck  Point  toward  each  other,  at  a  cost 
of  $420,000.  The  small  appropriation  made,  and  the  requirement  of 
the  law  that  it  must  be  expended  in  dredging,  compelled  us  to  abandon 
that  plan  and  resort  to  what  we  have  done  and  what  we  propose  to  do 
the  fiscal  year  beginning  July  1,  1874.  Dredging  alone,  however,  will 
not  give  tlie  shelter  required,  and  an  additional  breakwater  is  nec6ss<iry 
to  enable  vessels  to  hold  by  their  anchors  in  southerly  gales. 

The  i)lan  now  recommended  does  not  contemplate  any  change  in  the 
existing  breakwater,  but  the  building  of  another  on  the  outer  part  of 
Penguin  Shoal,  beginning  nearly  west  of  the  end  of  the  present  break- 
water, wiiere  the  depth  is  12  feet  at  mean  low- water,  leaving  an  entrance 
between  them  about  450  feet  long,  and  extending  it  westerly  over  the 
highest  part  of  Penguin  Shoal  till  it  reaches  the  9-fooC  curve  on  the 
west  side  of  this  shoal.  This  will  make  it  about  1,200  feet  long.  It  is 
to  be  built  of  heavy  riprap  granite,  no  stone  less  than  a  ton  in  weight, 
with  seaward  slope  1  on  2,  width  on  top  6  feet,  inside  slope  1  on  1,  aud 
rise  7  feet  above  mean  low- water.  The  mean  rise  of  the  tide  here  is  2J 
f<»et.    This  will  require — 

Thii  ty-five  thoasaud  tons  of  stone,  at  a  cost  of,  say,  .$2.C0  per  ton,  making  $87,500,  to 
wUich  add  $8,5C0  for  engineering  and  superintendence,  re<inli*injr  for  the  whole  work 

8%,000. 
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If  any  farther  work  is  done  here,  I  recommend  the  building  of  this 
breakwater  as  most  important.  The  accompanying  map  shows  the 
condition  of  the  harbor  where  tlie  dredging  has  already  been  done  and 
the  location  of  the  breakwater  on  Pengniu  Shoal.  Accompanying  also 
is  the  report  of  Mr.  H.  A.  Bentley,  assistant  engineer,  who  superintended 
the  work  and  made  the  accompanying  map. 

Stonin^ton   is  in  the  SfconingtOD  collection-district,  and  is  a  port  of  entry.     The 
amount  of  revenue  collected  during  the  fiscal  year  ending  June  30, 1874,  was  ^^0,346.14. 

Financinl  statement. 

Balance  in  Treasury  of  United  States  July  I,  1873 $25,000  00 

Amonnt  appropriated  by  act  approved  Juue  23,  1874 20, 000  00 

Amount  expended  during  the  tiacal  year  ending  June  30,  1874 21,047  22 

Amount  available  July  1,  1874 23,952  78 

Amount  required  for  the  fiscal  year  ending  June  30,  1876 96, 000  00 


Report  of  Mr*  II.  A.  Benihyy  Assistant  Engineer, 

Engineer  Office,  United  States  Army, 

Newport,  R.  I. ^  June  30,  1874. 

General:  I  have  the  honor  to  submit  the  following  report  of  operations  in  Stoning- 
ton  Harbor,  Connecticut,  during  the  past  fiscal  year : 

By  act  of  Congress  approved  March  3, 1873,  ^25,000  was  appropriated  for  the  improve- 
ment of  this  harbor.  The  act  appropriating  this  money  specified  that  it  should  be 
spent  in  dredging. 

It  was  decided  by  you  to  have  the  harbor  between  the  breakwater  and  the  old 
steamboat-dock  dredged  to  a  depth  of  12  feet  at  mcnn  low-water,  to  increase  the 
anchorage  facilities  of  that  part  of  the  harbor  sheltered  by  the  breakwater. 

The  work  of  dredging  was  contracted  for  by  Mr.  S.  F.  Shelbourne,  of  New  York 
City,  at  the  rate  of  20  cents  per  cubic  yard. 

The  dredge  arrived  at  Stoning^on  October  1,  1873,  and  was  set  at  work  October  2, 
commencing  at  the  12-foot  contour  line  and  working  in  toward  the  docks,  the  cuts 
running  north  and  south.  These  cuts  were  at  first  carried  up  to  the  deep  water  along- 
side the  old  steamboat-dock,  but  afterward,  learning  that  the  steamboat  company 
intended  building  a  new  dock  out  from  the  east  shore  to  the  snubbing-pier,  the  dredging 
was  stopped  before  reaching  the  proposed  line  of  wharf.  The  building  of  this  wharf 
would  render  that  part  of  the  harbor  between  the  snubbing-pier  and  the  old  steam- 
boat-dock of  no  value  as  anchorage-ground. 

The  dredging  was  prosecuted  during  October,  November,  and  December,  1873,  and 
Februarj',  May,  and  in  June,  1874,  up  to  date ;  this  being  the  time  specified  in  the 
contract  for  completing  the  work. 

The  material  in  the  npper  part  of  the  harbor  is  closely-packed  sand,  while  in  the 
lower  part  of  the  harbor  it  is  soft  mud. 

The  dredging  done  has  deepened  the  harbor  between  the  breakwater  and  the  snub- 
bing-pier, from  the  channel  on  the  west  to  within  30  feot  of  the  heads  of  the  wharves, 
from  a  depth  of  from  7  to  11  feet,  to  12  feet  at  mean  low- water. 

Before  this  dredging  was  done,  most  vessels  putting  into  this  harbor  during  storms 
anchored  outside  the  breakwater,  the  shoal  water  inside  compelling  thetu  to  lie  so 
close  to  the  steamboat-channel  that  they  were  in  constant  danger  of  being  run  down 
by  the  steamers  of  the  Btooington  Hue.  Since  the  improvement  here  a  great  many 
vessels  have  availed  themselves  of  the  sheltered  space. 

The  total  number  of  cubic  yards  removed  under  Mr.  Shelbourne's  contract  is  91»087. 

The  work  done  gives  12  feet  depth  over  the  whole  area  between  the  steamboat- 
channel,  the  breakwater,  and  the  steamboat-dock.  The  remainder  of  the  appropriation 
can  be  expended  to  most  advantage  with  the  new  appropriation  in  dredging  Penguin 
Shoal. 

By  act  of  Congress  approved  June  23, 1874,  an  additional  appropriation  of  $20,000  was 
made  for  this  work. 

I  would  respectfully  recommend  that  this  money  be  expended  In  dredging  off  the 
upper  end  of  Penguin  Shoal  to  a  depth  of  12  foet  at  mean  low- water.  It  is  estimated 
that  the  available  money  will  be  sufficient  to  remove  this  shoal  nearly  as  far  south  as 
a  line  of  prolongation  of^  the  outer  portion  of  the  breakwater. 
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The  improvemeuts  made  and  that  recommended  in  this  report  include,  I  think,  all 
the  dredging  needed  in  this  harbor,  which,  with  a  saitable  protection  from  southerly 
storms,  would  make  an  excellent  harbor  of  refuge. 
Very  respectfully,  your  obedient  servant, 


G.  K.  Waruen, 

Major  of  EngineerHy  Bvt.  MaJ,  Gen.j  17.  S.  A, 


H.  A.  Bkktley, 

Civil  Engineer, 


X13. 

CONNECTICUT  RIVER  BELOW  HARTFORD,  AND  SAYBROOK  BAR,  CONNEC- 
TICUT. 

At  the  date  of  my  last  annual  report,  Aagast  31,  1873,  a  dredge  had 
been  employed  in  deepening  the  water  on  Pratt's  Ferry,  Hartford,  and 
South  Glastonbury  Bars.  This  dredge  was  employed  during  July, 
August,  and  a  part  of  September,  removing  the  following  quantities 
from  each  place,  making  a  depth  of  9J  feet,  and  a  width  of  50  to  70 
feet: 

Cubic  yardi, 

Hartford  Bar 9,0S^ 

Pratt's  Ferry  Bar 7,081 

South  Glastonbury  Bar 1,400 

Total 17,569 

At  a  cost  of  $4,350,  or  about  24.8  cents  per  cubic  yai-d.  The  dredg- 
ing on  these  bars  was  for  the  most  part  in  the  channel  dredged  through 
them  in  1871,  where  a  depth  of  9^  feet  wa^  made ;  it  had  filled  up  to 
less  than  8  feet  at  ordinary  low-water,  making  passage  for  the  daily 
steamers  running  between  New  York  and  Hartford  difficult  and  uncer- 
tain. 

It  is  probable  that  these  channels  will  be  filled  up  by  every  flood  and 
require  dredging  at  the  season  of  low-water.  The  exact  location  and 
extent  of  the  work  cannot,  however,  be  determined  with  sufficient 
definiteness  to  warrant  the  making  of  specifications  in  time  to  issue 
them  with  those  for  other  works.  I  propose,  therefore,  to  hire  a  dredge 
by  the  day  when  the  water  becomes  so  low  as  to  make  the  bars  trouble- 
some to  navigation. 

The  construction  of  the  jetty  at  Saybrook  Bar  was  in  progress  at  the 
date  of  uiy  last  annual  report.  Work  was  continued  on  it  until  the 
funds  available  for  the  work  were  expended.  The  jetty  is  now  1,(>00 
feet  in  length,  17,504  tons  of  stone  being  used  in  the  construction.  It  is 
built  up  to  the  level  of  highest  water,  triangular  in  cross  section,  with 
side-slopes  of  about  45^.    A  wooden  beacon  marks  the  outer  end. 

An  examination  of  the  jetty  this  spring  sliowed  that  it  had  been  but 
little  affected  by  the  ice  and  waves  during  the  winter. 

This  jetty  is  not  expected  to  produce  the  desired  effect  in  deepening 
the  water  until  it  is  extended  to  the  deep  water  beyond  the  bar,  about 
100  feet  beyond  its  present  terminus. 

About  $5,000  will  be  required  for  the  dredging  that  may  be  necessary ; 
the  remainder  will  be  used  in  extending  tbis  jetty. 

We  should  have  $70,000  additional  to  finish  the  jetty  at  the  mouth, 
and  about  $10,000  for  dredging. 

The  Connecticut  River  below  Hartford  is  in  the  MidtUetown  collection-district. 
Middletown  is  the  nearest  port  of  entry.    The  nniouut  of  rovenae  collected  there 
during  the  fiscal  year  ending  June  30,  was . 
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Financial  statefuent 

Balance  iu  Treasury  of  United  States  July  1,  1873 |45, 000  00 

AoDunt  in  hands  of  officer  andHubjoct  to  his  check,  nncladiu^$2!Jl.*iOy  per- 
centage due  ou  contracts  not  yet  completed) 1, 730  43 

Amoant  appropriated  by  act  approved  June  23,  1874 2fO,  000  00 

Auiouut  expended  during  the  fiscal  year  ending  J uue  30, 1874 42, 713  37 

Amount  available  July  1, 1874 24,017  06 

Amount  required  for  the  fiscal  year  ending  June  30, 1876 80, 000  00 


X  14. 


CONNECTICUT    RIVER    ABOVE   HARTFORD,    CONNECTICUT,  AND   BELOW 
HOLYOKE,  MASSACHUSETTS. 

During  the  past  fiscal  year  work  in  this  portion  was  maiDly  confined 
to  completing  a  thorough  survey  of  it.  This  has  now  been  done,  and 
the  maps  finished  on  a  scale  of  400  feet  to  the  inch,  forming  six  sheets. 
The  maps  and  a  diagram  of  borings  made,  with  a  preliminary  report  of 
Assistant  Engineer  Gen.  Theo.  G.  Ellis,  who  conducted  the  survey,  are 
presented  herewith.  Some  few  other  observations  in  connection  with 
fCauging  the  low-water  volume  of  the  river  remain  to  be  done,  and  then 
the  final  report,  giving  a  review  of  the  whole  matter,  will  be  made. 

The  last  annual  report  gave  a  clear  general  idea  of  what  had  been 
done  up  to  that  date,  and  it  need  not  be  repeated  here. 

During  the  season  of  1873  a  channel  2^  feet  deep  was  dredged  through 
Bai'ber's  Landing  Bar.    This  was  the  only  improvement  then  needed. 

The  surveys  last  year  showed  that  the  wing-dams  between  Hartford 
and  the  Enfield  Falls,  as  far  as  built,  had  been  very  beneficial,  and  that 
this  means  of  improvement  would  probably  be  adequate  to  present  re- 
quirements of  navigation,  or  until  there  is  a  great  improvement  made 
at  the  Enfield  Falls.  An  expenditure  of  not  less  than  $87,000  will  be 
required  for  the  improvement  of  these  falls  alone.  (See  Annual  Report 
for  1872.)  Until  the  improvement  of  the  river  is  undertaken  with  a  view 
to  carrying  it  to  the  extent  which  this  contemplates,  and  until  the  ruling 
depth  to  l^  secured  ia  fixed,  the  kind  of  improvement  to  be  adopted  at 
different  localities  cannot  be  decided.  With  the  i)resent  small  appro- 
j)riations  only  alleviations  of  obstructions  to  existing  navigation  can  be 
attempted,  and  the  requirements  of  this  are  determined  by  the  existing 
canal  and  locks. 

Our  survey  shows  no  place  between  the  Enfield  Falls  and  Holyoke 
Avhere  the  present  class  of  vessels  find  any  obstruction  or  need  any 
greater  facilities  than  they  now  have. 

Of  the  appropriation  of  $25,000,  appropriated  June  10,  1872,  for  im- 
l)rovement  *'on  or  above  Enfield  Falls  and  below  Holyoke,"  we  have 
expended  abont  half  in  surveys  and  measurements.  We  find,  as  before 
said,  no  place  where  the  remainder  can  be  used  above  the  falls,  and  it 
is  inadequate  to  doing  anything  upon  them. 

Of  the  former  appropriations  for  inii)rovenient  above  Hartford  and 
below  Holyoke  there  is  on  hand  $21,772.31,  which  by  the  words  of  the 
act  is  available  to  improve  the  river  between  Hartford  and  Enfield  Falls. 
It  is  proposed  to  expend  the  money  in  this  portion  of  the  river  by  build- 
ing wing-dams  and  dredging,  as  the  formation  of  shoals  may  require. 

The  improvement  of  the  Connecticut  below  Hartford  is  more  import- 
ant to  the  whole  Connecticut  River  Valley  than  is  the  improvement 
above,  and  for  the  present  it  would  be  better  to  confine  the  expenditures 
to  the  lower  jiart  of  the  river.  , 
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The  appropriation  of  $25,000,  made  by  act  approved  June  10, 1872,  is 
applicable  to  the  river  only  ^*on  or  above  Enfield  Falls  and  below 
Holyoke;"  a  partof  the  river  where  there  is  snflScient  depth  of  water  for 
the  class  of  vessels  navigating  it.  What  remains  on  hand  of  this  appro- 
priation is  not  available  for  any  part  of  the  river  where  it  is  needed. 
In  making  up  the  '* financial  statements''  this  appropriation  is  given  in 
a  separate  statement. 

Financial  statement 

Connecticut  River  from  Enfield  Falls  to  Holyoke,  Mass. 

Balance  in  Treasury  of  United  States  July  1,  1873 $25,000  00 

Amount  expended  during  the  fiscal  year  ending  June  30,  1874 1*2, 3m  4;') 

Amonnt  available  July  1,  1874 1'2, 60^^  55 

Connecticut  River  above  Hartford  and  below  Holyoke,  Mass. 

Balance  in  Treasury  of  United  States  July  1,  1873 $25, 000  00 

Amonnt  in  hands  of  officer  and  subject  to  his  check 1, 606  65 

Amount  expended  during  the  fiscal  year  ending  June  30, 1874 Ay€.W  34 

Amount  available  July  1,  1H74 21, 772  31 


Report  of  Gen,  Theo.  G.  Ellis^  Assistant  Engineer, 

Hartford,  Conn.,  July  6,  1874. 

General:  In  compliance  with  directions  received,  I  transmit  a  preliminary  report 
of  the  survey  of  the  Connecticut  River  from  Hartford  to  Holyoke. 

The  survey  of  the  Connecticut  River  between  Hartford  and  Holyoke  was  commenced 
in  the  latter  part  of  August,  1872,  by  a  small  party  under  Mr.  WiUiam  F.  Dyer,  civil 
engineer,  who  started  the  field-work  at  Holyoke  and  continued  down  the  river  to  near 
Chicopee  Village.  Work  was  suspended  in  the  latter  part  of  October  of  that  year,  and 
a  plot  was  made  of  the  work  then  completed. 

The  survey  was  resumed  early  in  April,  1873,  and  two  field-parties  were  employed 
upon  the  work. 

One  nnder  Mr.  Wm.  F.  Dyer,  civil  engineer,  con  tinned  the  field-work  down  to  En- 
field Dam  ;  and  another,  under  Mr.  Charles  L.  Burdett,  civil  engineer,  made  the  surveys 
from  Enfield  Dam  to  Hartford. 

The  surveys  were  continued  during  the  season  until  suspended,  about  the  lat  oi 
October,  when  the  field-work  was  mostly  completed.  In  October  and  November 
borings  were  made  in  the  bed  of  the  river  at  several  /points  between  Hartford  and 
Holyoke  to  determine  the  depth  of  the  rock. 

During  the  post  winter  the  maps  and  drawings  have  been  completed  by  Mr.  Bunlett, 
Mr.  Dyer,  Mr.  Burnett,  and  Mr.  Curtis. 

During  the  present  season  observations  have  been  taken  by  a  field-party  nnder  Mr. 
Burdett  to  determine  the  discharge  of  the  Connecticut  and  the  streams  entering  into 
it  between  Hartford  and  Holyoke.  These  observations  are  not  yet  completed,  owing 
to  the  continued  high-water.  The  gauging  of  the  Connecticut  nas  been  mainly  done 
at  a  point  just  above  Thompson ville.  Accurate  gauging  cannot  be  done  at  low  stages 
of  the  river  below  Enfield  Kapids  on  account  of  the  tides. 

METHOD  OF  MAKING  TOE  SURVEYS. 

The  method  adopted  in  making  this  survey  has  been  to  run  a  base-line  on  eao1i9i<^« 
of  the  river,  and  connect  all  the  angles  by  a  pystem  of  triangulation.  The  instruments 
used  were  Gurley  transits  reading  to  minutes.  Bj'  repetition,  the  angles  were  deter- 
mined to  the  nearest  10  seconds. 

The  shore-lines  of  the  river  and  the  details  of  the  topography  were  connected  l»y 
angles  and  measurements  to  the  base-linos.  All  side  surveys  of  roads,  &c.,  were  madd 
by  running  transit-lines  by  angles  and  distances  from  the  base-lines. 

Soundings  across  the  river  were  taken  at  intervals  of  400  feet,  and  in  the  vicinity  of 
bars  and  shoals  at  shorter  intervals,  generally  100  feet,  and  reduce<l  to  the  lowest  8t«g«^ 
of  water.  These  soundings  were  ma<le  from  boats  rowed  directly  across  the  riv<?r. 
keeping  in  range  with  poles  set  upon  the  banks,  generally  at  right  angles  to  one 
of  the  base-lines.  The  points  where  tluise  ranges  cut  the  base-lines  were  accurately 
fixed,  and  the  boat  was  rowed  as  uniformly  as  possible  from  shore  to  shore.  The  dis- 
tance of  the  first  sonnding  from  the  shore  was  noted  and  the  intermediate  ones  were 
equally'  spaced.    They  were  taken  at  eqiial  intervuls,  nieasuied  by  a  certain  number  of 
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strokes  of  the  oars,  which  has  beeu  found  to  give  better  results  than  equal  intervals  of 
time. 

Sections  across  the  whole  valley  at  distances  of  from  1,200  to  2,000  feet  apart  were 
carefully  leveled  over,  all  intersections  with  roads,  streams,  &c.,  being  noted,  and  the 
iDtervening  topography  carefully  sketched  in,  with  angles  to  the  more  prominent  ob- 
jects. 

Levels  were  taken  to  all  the  high  and  low  water  marks  that  could  be  found,  and 
were  considered  reliable  with  the  date  of  the  freshet. 

An  attempt  was  aAo  made  to  locate  the  crests  of  all  the  bars,  by  means  of  microme- 
ter hairs  in  a  transit  telescope  and  a  rod  used  as  a  telemeter.  Whenever  there  was 
foimd  a  distinct  and  perceptible  crest  it  has  been  located  upon  the  maps  ;  but  in  many 
cases  there  appeared  to  be  no  distinct  continuous  crest  presenting  the  characteristic 
steep  slope  upon  the  lower  side  generally  seen  in  river-bars,  giving  them  rather  the 
character  of  shoals  than  proper  river-bars,  which  are  formed  from  the  material  carried 
along  the  bottom  by  the  current.  It  may  be  here  remarked,  that  all  the  bars  upon 
the  river  below  Hartford,  as  well  as  those  between  Entield  Dam  and  Holyoke,  sire  of 
the  shoal  form,  and  do  not  present  the  steep  lower  side  above  referred  to. 

The  discharge  of  the  smaller  streams  running  into  the  Connecticut  has  been  mainly 
obtained  by  computing  the  greatest  and  least  qnantities  flowing  over  the  dam  nearest 
to  the  month  of  the  stream,  together  with  what  is  used  by  the  factories.  The  greatest 
amounts  were  most  easily  obtained  and  are  the  most  reliable,  as  there  is  generally  a 
good  record  of  the  highest  point  to  which  the  water  has  risen  upon  the  dam.  The 
least  quantity  is  often  indeterminate,  as  the  water  is  frequently  held  back  and  stored 
in  ponds  above,  so  that  during  a  portion  of  the  time  no  water  at  all  runs  in  the  bed  of 
the  stream.  The  factories  then  get  no  water  until  those  above  on  the  same  stream  are 
started.  In  such  cases  an  estimate  has  beeu  made  of  the  amount  of  water  used 
by  the  water-wheels  at  the  lowest  stage  during  running  hours,  and  this  quantity 
taken  for  the  discharge  in  twenty-four  hours.  When  no  other  method  presented, 
the  best  possible  estimate  wa.s  made  from  the  character  of  the  stream.  The 
mean  discharge  has  been  mainly  obtained  from  the  drainage  area  of  each  stream,  as 
nearly  as  can  be  ascertained  from  maps.  Five-eighths  of  the  average  amount  of  rain- 
fall has  been  taken,  as  it  has  been  found  by  comparing  the  approximate  discharge  of 
the  CoDuecticnt  with  the  average  annual  amount  of  rain-fall  that  about  that  propor- 
tion passes  off  through  the  river. 

DESCRIFFION  OF  THE  RIVER. 

The  river  between  Hartford  and  Holyoke  can  be  divided  into  three  characteristic 
sections : 

1st.  From  Holyoke  to  Enfield  Dam,  a  distance  of  18.4  miles,  in  which  the  sniface  at 
low-water  has  a  very  slight  inclination  and  the  water  is  generally  deep  and  with  a 
slow  current. 

2d.  From  Enfield  Dam  to  the  foot  of  Enfield  Rapids,  a  distance  of  five  and  one-fourth 
miles,  in  which  the  water  flows  over  a  rocky  bed  of  steep  inclination, 

3d.  From  the  foot  of  Enfield  Rapids  to  Hartford,  a  distance  of  10.9  miles,  in  which 
the  river  runs  over  a  sandy  bottom  through  an  alluvial  formation  with  an  inclination 
greater  than  that  above  Enfield  dam,  but  still  to  a  certain  extent  navigible. 

At  the  upper  end  of  the  survey  the  river  flows  over  Holyoke  Dam,  a  substantial 
structure  or  timber  buUt  upon  the  bed-rock  of  the  river,  having  an  average  height  of 
ahoat  30  feet. 

^  The  main  body  of  the  dam,  which  was  built  in  1849,  consists  of  a  cob-work  of  square 
timbers  brought  up  in  layers.  The  timbers  lying  lengthwise  with  the  current  slope 
bock  np-Btream  at  an  angle  of  2^  horizontal  to  1  vertical ;  they  are  laid  alternately 
with  intermediate  layers  of  horizontal  timbers  across  the  stream,  and  the  whole  is  filled 
iu  solid  with  stone. 

In  1^69,  the  rock  in  front  of  the  dam  having  been  excavated  to  a  depth  of  23  or  30 
feet  by  the  force  of  the  overflow,  a  cob-work  50  feet  wide,  forming  an  apron,  was 
added  to  the  dam  to  strengthen  it.  It  is  composed  of  round  timbers  6  feet  apart,  with 
the  interstices  filled  with  stone.  The  abutments  and  gates  are  of  good  workmanship, 
but  are  not  sufficiently  high,  and  are  in  danger  from  this  cause,  the  water  in  1862  hav- 
ing risen  above  the  masonry.  Below  the  dam  the  river  forms  a  rapid  for  about  two 
miles  down  to  just  below  the  railroad-bridge  at  Willimansett ;  the  whole  fall  being 
about  5ti  feet. 

Boats  formerly  ascended  this  rapid  to  the  villages  of  Holyoke  and  South  Hadley, 
through  an  artificial  channel  at  the  lower  end,  near  the  west  bank,  and  passed  through 
the  South  Hadley  Falls  Canal,  which  has  now  fallen  into  ruins,  not  having  been  used 
for  many  years. 

The  river,  over  the  rapids,  runs  between  high  banks  and  spreads  out  very  little  over 
meadows  at  high- water  nntil  it  reaches  the  mouth  of  Chicopee  River.  It  then  over- 
flows the  meadows  at  high-\vater,  or  when  it  rises  to  a  little  more  than  half  the  height 
of  exfrenie  freshets  nearly  the  whole  distance  down  to  a  point  about  two  miles  above 
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TiiompsoDville.    Tbere  are  contractioDB  of  the  banks  at  Chicopee  Bridge,  Springfield 
uud  Pecowsic,  but  for  no  great  distance. 

From  the  point  about  two  miles  above  Thompsonville  to  Enfield  Dam,  a  distance  of 
two  and  three-fourths  miles,  the  river  is  confined  between  its  banks  at  all  stages  of  the 
water,  and  this  part  presents  the  most  available  place  for  gauging  the  volume  of  the 
fitream. 

Enfield  Dam  is  a  low  structure  at  the  bead  of  the  rapids,  and  is  open  in  the  middle 
for  155  feet,  which  was  intended  originally  to  allow  vessels  and^sh  to  pass ;  but  this 
space  has  been  filled  in  with  stone  to  such  an  extent  as  to  prevenftihe  passage  of  boats. 
From  the  foot  of  the  rapids  below  Holyoke  to  Enfield  Dam,  there  is  good  navigation, 
with  over  7  feet  of  water  in  the  channel,  except  at  the  flats  near  the  month  of  Chico- 
pee River  and  at  Longmeadow  Flats,  about  half  way  between  Springfield  and  Thomp- 
aonville.  At  the  former  place  there  is  but  4  feet,  and  at  the  latter  a  little  less  than 
three  feet  at  extreme  low-water. 

These  shoals  do  not  appear  to  have  the  same  formation  as  the  bars  in  some  of  the 
more  rapid  portions  of  the  stream,  and  do  not  present  the  sharp  and  well-defined  orest 
which  is  produced  in  river-bars  by  the  motion  of  the  sand  along  the  bottom.  They 
seem  to  be  simply  flats  formed  by  the  widening  of  the  bed  of  the  river  between  the 
ordinary  banks.  This  is  particularly  the  case  at  Longmeadow,  where  the  bed  of  the 
river  at  low-water  is  2,000  feet  wide  and  keeps  nearly  tnis  width  for  about  a  mile. 

The  bed  of  the  stream,  from  Holyoke  Dam  down  as  far  as  the  foot  of  the  rapids 
below  Willimansett  Bridge,  is  mostly  rock.  From  that  point  to  Springfield  it  is  mainly 
sand  and  gravel.  For  two  miles  below  Spring^eld  it  has  a  more  muddy  character,  with 
a  point  or  rock  cropping  out  near  Pecowsio.  From  two  miles  below  Springfield  to  near 
Tnompsonville  the  bottom  is  again  sand  and  gravel,  and  from  this  last  point  to  Enfield 
Dam  the  bottom  is  rook. 

Across  this  portion  of  the  river  between  Holyoke  and  Enfield  dam  are  the  following 
bridges : 

A  wood  and  iron  truss-bridge  at  Holyoke,  for  highway,  1,600  feet  long,  consisting  of 
ten  spans  of  160  feet  each. 

A  wooden  truss-bridge  between  Willimansett  and  Holyoke,  npon  the  Conneoticnt 
River  Railroad,  750  feet  long,  with  five  spans  of  150  feet  each. 

A  wooden  truss-bridge  at  Chicopee,  tor  highway,  1,190  feet  long,  having  seven  spans 
of  170  feet  each. 

An  iron  railroad-bridge  at  Springfield,  1,260  feet  long,  consisting  of  seven  spans  of 
180  feet  each. 

A  wooden  truss-bridge  for  highway,  at  Springfield,  1,200  feet  long,  with  six  spans 
of  100  feet  each,  and  three  spans  of  200  feet  each. 

These  bridges  are  all  built  upon  stone  piers ;  they  are  but  little  above  the  highest 
water,  and  have  no  draws. 

There  is  a  wire-rope  ferry  at  Willimansett,  just  below  Holyoke,  and  steam-ferries 
just  below^  Springfield,  at  Pecowsic,  and  at  Thompsonville. 

From  Holyoke  to  Chicopee  the  average  width  of  the  river  at  low- water  is  about  800 
feet. 

From  Chicopee  to  Springfield  the  average  width  is  about  1,000  feet,  and  from  Spring- 
field to  Enfield  Dam  the  average  width  is  about  1,400  feet,  at  low- water. 

lu  high  freshets  the  river  remains  within  its  banks  down  to  the  mouth  of  the  Chico- 
pee, but  then  spreads  out  over  the  meadows,  overflowing  its  banks  and  backing  up 
the  channels  of  the  Chicopee  and  Westficld  Rivers,  covering  the  low  land  in  many 
idacos  for  over  a  mile  in  width. 

There  is  at  the  present  time  no  navigation  around  Holyoke  Dam.  Locks  of  16  by  f¥) 
feet  are  provided  in  the  canals  of  the  Holyoke  Company  as  far  as  they  are  completed, 
and  as  this  company  has  as8unie<l  the  franchise  of  the  old  South  Hadley  Falls  Com- 
pany they  would  probably  extend  the  locks  to  the  foot  of  the  falls  if  required  by 
navigation. 

The  Enfield  Rapids  extend  from  Enfield  Dam  down  the  river  about  five  and  a  quarter 
miles,  the  stream  dividing  at  one  place,  about  midway  of  the  rapids,  into  two  brauch«»s 
around  King's  Islaid. 

The  bed  is  rough  and  rocky,  and  the  river  runs  between  high  banks.  Around  thw*e 
rapids  is  the  canal  of  the  Connecticut  River  Ctnnprtny,  mostly  u^ed  at  the  present  time 
as  a  water-power ;  but  it  is  provided  with  locks  19  feet  in  width  and  90  teet  betwwn 
quoins,  through  which  there  is  still  some  navigation,  although'  the  small  size  of  the 
locks  prevents  the  passage  of  such  boats  as  are  used  for  freighting  on  the  lower  por- 
tion of  the  river. 

There  are  two  bridges  over  these  rapids,  one  at  Enfield,  about  950  feet  long,  extend- 
ing over  the  river  and  canal,  in  six  spans  of  irregular  length.  This  is  an  old  and  dilap- 
idated wooden  structure.  The  other  is  the  iron  railway-bridge  over  the  river  and 
canal  at  Warehouse  Point,  consisting  of  one  span  of  177  feet,  twelve  spans  of  S^  fe«t, 
one  span  of  140  feet,  one  span  of  77  feet,  one  of  43  feet,  and  one  of  25J  feet;  in  all, 
l,5*24i  feet. 
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There  is  also  a  flying  ferry  between  Windsor  Locks  and  Warehouse  Point.  The 
average  width  of  this  part  of  the  river  is  about  1,100  feet. 

For  a  more  particular  description  of  this  part  of  the  river,  I  would  respectfully  refer 
to  my  special  report  upon  the  improvement  of  these  rapids,  dated  January  10,  1872. 
(See  Annual  Reiwrt  for  1872,  p.  840. )     • 

From  the  foot  of  Enfield  Rapids  to  Hartford  the  river  has  a  steeper  slope  than  above 
the  dam  at  Enfield,  and  has  in  consequence  a  somewhat  different  character.  Although 
it  receives  a  considerable  accession  of  volume  from  the  Scantic  and  Farmington  Rivers, 
tlie  channel  is  shoalef  and  the  cross-section  smaller  than  above  the  rapids,  owing  to 
the  greater  velocity  of  the  current. 

The  bars  also  are  generally  of  a  different  character  from  those  above,  presenting  a 
a  flat  slope  up  stream,  and  a  bt^eep  declivity  down  stream,  with  a  well-defined  crest, 
as  usnullj  seen  in  rivers  with  a  sandy  bottom  and  considerable  current. 

This  part  of  the  river,  below  Red  Hill,  nearly  opposite  the  foot  of  the  canal  at  Wind- 
sor Locks,  flows  wholly  through  an  alluvial  formation.  The  banks  appear  to  be  nearly 
permanent  down  as  far  as  the  month  of  the  Scantic  River,  from  which  point  downward 
they  are  washing  and  caving  off  to  some  extent.  For  abon^  two  miles  above  the  rail- 
road-bridge at  tliirtford  they  are  washing  very  badly ;  in  some  places  losing  probably 
30  or  40  feet  in  a  year. 

Between  Hartford  and  the  lower  end  of  the  canal  of  the  Connecticut  River  Company 
at  Enfield  Rapids  there  is  a  navigable  channel,  with  a  minimum  depth  of  about  4  feet 
of  water,  except  upon  the  bars.    There  are  five  bars  upon  this  portion  of  the  river,  viz : 

Scantic  Bar,  at  the  mouth  of  the  Scantic  River,  seven  and  a  half  miles  above  Hart- 
ford, w^ith  2.4  fe^t  of  water  at  the  lowest  water  as  the  bed  of  the  river  now  is. 

Strong's  Island  Bar,  six  and  a  half  miles  above  Hartfonl,  with  2.5  feet  at  the  lowest 
water. 

Farniington  or  Tunxis  River  Bar,  five  and  a  half  miles  above  Hartford,  with  2.4  feet 
at  the  lowest  water. 

Barber's  Landing  Bar,  three  and  two- thirds  miles  above  Hartford,  with  t^  foot  of 
water  at  the  time  of  the  survey  in  July,  1873.  Dredging  was  done  here  immediately 
after,  which  increased  the  depth  to  2^  feet. 

Higley's  Point  Bar,  one  and  three-qnarters  miles  above  Hartford,  npon  which  there  are 
2.7  feet  at  the  lowest  water. 

The  first  three  of  the  above-named  bars  were  improved  by  the  United  States  Govern- 
ment in  the  year  1871,  by  the  construction  of  wing-dams,  as  shown  on  the  maps.  They 
were  bnilt  of  riprap,  and  are  now  in  a  good  state  of  preservation.  In  the  summer  pre- 
ceding the  building  of  these  wing-dams  the  depth  on  Scantic  Bar  was  1.2  feet;  on 
Strong's  Island  Bar,  1.3  feet,  and  on  Farmington  River  Bar,  1.5  feet.  It  will  thus  be  seen 
that  they  have  materially  benefited  the  channel.  At  Barber's  Landing  Bar,  in  the 
same  season,  the  depth  was  one  foot,  or  about  what  we  find  it  by  the  present  survey. 
The  bed  of  the  river,  from  the  foot  of  the  rapids  to  Hartford,  is  sand  and  gravel.  No 
rock  appears  at  the  surface,  although  in  some  places  it  must  be  quite  near  it,  as  shown 
by  the  borings.  The  width  of  the  bed  of  this  portion  of  the  river  averages  about  1,400 
feet.  At  Hartford  the  banks  are  much  contracted,  being  only  about  ()00  feet  wide 
opix>site  the  New  York,  New  Haven  and  Hartford  Railroad  freight-house. 

At  the  lowest  stages  of  water,  upon  this  section  of  the  river,  large  sand-banks  appear 
upon  the  sides  of  the  stream  within  the  bed,  so  that  the  width  for  a  great  part  of  the 
distance  is  reduced  to  about  one-half  of  the  width  of  the  bed  between  the  ordinary 
banks.    In  some  places  it  is  only  600  or  600  feet. 

In  times  of  the  highest  freshets  the  water  overflows  the  meadows  on  either  side,  and 
spreads  out  in  some  places  to  a  width  of  one  and  a  half  miles,  and  has  an  average 
wiath  of  about  one  mile.  Near  the  mouth  of  the  Hockanum  River  there  is  a  very  de- 
cided contraction  of  the  high-water  section,  caused  by  the  embankment  running  to  the 
ferry  on  the  west  side  of  the  river,  the  extreme  width  at  this  place  being  1,900  feet. 

Just  below  Hartford  there  is  a  shoal,  called  Hartford  Bar,  upon  which  there  is  a  little 
over  6  feet  at  extreme  low-water.  This  was  improved  in  1871  by  building  a  wing-dam 
of  piling,  about  6.50  feet  long,  from  the  west  bank,  and  by  dredging  in  1871  and  1873. 
The  wing-dam  appears  to  have  but  little  influence  upon  the  depth  of  water  in  the 
channel,  and  the  effect  of  the  dredging  is  but  temporary ;  it  benefits  the  channel  for 
one  or  two  seasons  only.  The  wing- dam  is,  however,  very  important  in  protecting  the 
bank  from  washing. 

There  are  two  bridges  upon  this  part  of  the  river,  both  at  Hartford.  One  is  the 
wooden  trosa-bridgeof  the  Hartford,  Providence  and  Fishkill  Railroad,  1,200  feet  long, 
with  seven  spans  of  160  feet  each,  and  a  draw  at  the  east  end  with  a  clear  opening  of  47 
feet.  The  other  is  the  Hartford  toll-bridge,  an  old,  dilapidated  wooden  truss,  in  which 
subsequent  additions  barely  support  the  original  structure.  It  is  960  feet  long,  having 
five  spans  of  165  feet  each,  one  span  of  100  feet,  and  a  draw  at  the  west  end  of  17  feet 
clear  opening.  This  latter  bridge  has  a  causeway  leading  to  it  across  the  meadow  upon 
tlie  Elast  Hartford  side,  with  openings  to  increase  the  water-way.  The  railroad- bridge- 
has  a  trestle-work  on  piling  across  the  ovei-flowed  meadows. 
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?  About  one  and  one-half  miles  below  the  central  part  of  Haitford,  at  the  lower  end  of 
the  dike,  is  a  steam  ferry  rnnning  to  the  lower  part  of  East  Hartford.  There  is  also  a 
swing  ferry  at  the  mouth  of  the  Scan  tic  River,  between  Windsor  and  East  Windsor. 


The  lower  part  of  the  Connecticut  River  is  affected  by  the  tide  from  Long  Island 
Sound.  At  Hartford  the  fluctuations  are  very  irregular,  being  modified  and  sometimes 
entirely  neutralized  by  the  wind.  They  are  generally  perceptible  when  the  water  ia 
below  5  feet  at  Hartford. 

At  the  lowest  water  in  summer  the  tides  are  more  regular,  and  average  about  10 
inches  in  range.  The  effect  of  the  tides  at  low-water  is  not  generally  noticeable  at  the 
mouth  of  the  Scantio  River,  seven  and  one-half  milefl  aboye  Hartford,  although  very 
high  tides  at  low- water,  with  a  strong  southerly  wind,  are  perceptible  up  to  the  foot 
of  the  rapids  at  Windsor  Locks. 

THE  SLOPE  OF  THE  RIVER. 

The  height  of  Holyoke  Dam,  at  the  ends,  is  97.60  feet  above  low-water  mark  at  Hart- 
ford Toll-bridge.  The  dam  is  lower  at  intermediate  points,  so  that  at  low  stages  all  the 
water  is  discharged  at,  or  perhaps  below,  this  level  over  the  central  part  oi  the  dam. 
The  low-water  slope  of  the  surface,  in  the  following  table,  commences  at  the  above 
height  as  the  water  flows  over  the  dam. 

Low-water  slope  from  Holyoke  Dam  to  Enfield  Dam.      ^^ 


Distance  in  miles. 


Fall  in 
feet. 


Fall  per  mile 
in  feet. 


Dam 

29.00 

.60  : 

20.40 
8.90  ; 
.70  , 

Vertical. 

.10 

6.000 

.30 

68.000 

1.76 

5.057 

16.20 

.043 

18.36 

59.60    . 

The  height  of  Enfield  Dam  is  irregular,  and  has,  as  before  stated,  an  opening  in  the 
middle.  At  the  lowest  wat^r  nearly  or  quite  the  whole  volume  passes  through  this 
opening  at  a  level  of  about  38  feet  above  the  Hartford  zero.  The  average  levelof  the 
dam  is  about  one  foot  higher. 


High-water  slope  from  Enfield  Dam  to  th^  foot  of 

the  rapids. 

Distance  in  miles. 

Fall  in 
feet. 

2.80 
6.40 
1.40 
17.80 
3.40 

Fall  per  mile 
in  feet. 

Dam 

Vertical. 

.91 

7.033 

1.44 

.972 

1.48 

12.027 

1.42 

2.394 

5.25 

31.80 



Low-water  slope  from  the  foot  of  Enfield  Bapida  to  Hartford, 


Distance  in  miles. 

Fall   in 
feet. 

1.70 
4.50 

Fall  per  mile 
in  feet 

3.54  

.4t^» 

7.35 

.bT2 

10.89 

6.20 
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Tbe  beiorht  of  low  water  at  Hartford  is  zero  of  fche  gauge  at  tbe  toll-bridge,  and  is 
the  base  of  all  tbe  levels  upon  tbis  survey.  The  higbest  known  water  above  Holyoke 
Dam  was  found  to  bo  110.60  feet  above  tbe  Hirtford  low-water  mark,  or  13  feet  above 
tbe  crest  of  the  dam  at  tbe  ends. 

Tue  higb-water  slope  of  tbe  river,  as  determined  by  levels  to  tbe  best  authenticated 
high-water  marks,  is  as  follows  : 

High-water  8loi}e  from  Hoi  yoke  Dam  to  Enfield  Dam. 


Distance  in  miles. 

Fall   in 
feet. 

Fall  per  mile 
in  feet. 

Dam 

29. 

11.10 
3.30 
3.90 

-.50 

.50 

3.60 

5.50 

3.80 

Vertical. 

.20 

55. 500 

I  55 

2. 129 

4.49 

.869 

'2.07 

—  .242 

.55.................. 

.909 

1.96 

1.8:37 

6.>^ 

.8t>2 

.68 

5.588 

18.36 

60.20 



Low-water  slope  from  Enfield  Dam  to  the  foot  of  the  rapids. 


Distance  in  miles. 

Fall  in 
feet. 

Fall  per  mile 
in  feet. 

1.78 

8.90 

8.70 

5. 

l.iK) 

4  462 

1..V2 

5.25 

17.60 

High-water  slope  from  the  foot  of  Enfield  Rapids  to  Hartford. 


Distance  in  miles. 


Fall  in 
feet. 


Fall  per  mile 
in  feet. 


3.54 1 

7.35 1 

10.89 ! 


.60 
2.40 


3.00  1. 

I 


.169 
.327 


Tbe  high- water  mark  at  Hartford  is  the  height  of  tbe  flood  of  1854,  tbe  highest  known, 
which  is  taken  as  29.80  feet  above  the  zero  of  the  gauge.  There  are  two  places  upon 
tlie  river  where  tbe  higb-water  marks  appear  to  give  a  reverse  slope  to  tbe  surface. 
One  is  between  Chicopee  and  Springfield,  where  tbe  upward  slope  amounts  to  .5  of  a 
f'Xit  in  aboat  two  miles,  and  the  other  is  at  tbe  foot  of  Enfield  Rapids,  where  the  sur- 
face was  called  level  in  the  previous  survey  of  Enfield  Rapids,  and  is  so  retaine<l  in  the 
foregoing  tables. 

The  cause  of  tbis  apparent  anomaly  is  not  determined,  the  higb-water  marks  being 
well  aathenticated.  It  is  proposed  to  find  others,  if  possible,  to  verify  or  show  tbe 
error  of  those  already  obtained. 

STREAMS  FLOWING  INTO  THE  CONNECTICUT. 

The  first  stream  of  any  size  flowing  into  the  Connecticut  below  Holyoke  is  the  Chico- 
pee River,  which  enters  on  the  east  side  just  above  the  village  of  Chicopee.  It  is  used 
a^  a  water-power  for  the  manufacturing  establishments  in  the  village.  Its  greatest 
discbarge  is  9,635  cubic  feet  per  second ;  its  mean  discharge  is  1,374  cubic  feet  per 
becond;  its  least  discharge  is  669  cubic  feet  per  second.  ^  ^  . 
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The  west  stream  is  tlie  Agawam  or  Wcstfield  River,  which  enters  upon  the  west  side 
opposite  Springfield.  This  has  many  factories  upon  it  in  the  villages  through  which 
it  passes.  Its  greatest  discharge  is  28,633  cnbic  feet  per  second ;  its  mean  discharge  is 
1,287  cnbic  feet  per  second  ;  its  least  discharge  is  500  cubic  feet  per  second. 

Mill  River,  entering  from  the  east,  through  the  lower  part  of  Springfield,  is  a  stream 
of  some  importance,  and  is  used  as  a  water-power  by  the  United  States  armorv  and 
other  mnuufactories.  Its  greatest  discharge  is  899  cubic  f»*et  per  second;  its  nieau  dis- 
charge is  63  cubic  feet  per  second  ;  its  least  discharge  is  30  cubic  feet  per  second. 

The  Pecowsic  Brook,  entering  the  river  about  one  mile  below  Springfield,  on  the  east 
side,  is  also  used  as  a  water-power  for  manufacturing  pur]>08e8.  Its  greatest  discharge 
is  151  cubic  feet  per  second  ;  its  mean  discharge  is  15  cubic  feet. per  second  ;  its  least 
discharge  is  12  cubic  feet  per  second. 

Freshwater  Brook,  entering  the  river  on  the  east  side,  through  Thompsonville,  is 
used  as  a  water-power  by  the  Hartford  Carpet  Company.  Its  greatest  discharge  is 
1,598  cubic  feet  per  second  ;  its  mean  discharge  is  18  cubic  feet  per  second;  its  least 
discbarge  is  9  cubic  feet  per  second. 

A  small  brook  entering  the  river  on  the  west  side,  opposite  Thompsonville,  is  als& 
used  as  a  water-power.  Its  greatest  discharge  is  200  cubic  feet  per  secind ;  its  mean 
discharge  is  2  cubic  feet  per  second ;  it«  least  discharge  is  1  cubic  foot  per  second. 

Stony  Brook  enters  the  river  on  the  west  side,  opposite  King's  Island,  about  two  miles 
above  Windsor  Locks.  It  is  used  for  a  water-power.  Its  greatest  discharge  is  1,000 
cubic  feet  per  second ;  its  mean  discharge  is  43  cubic  feet  per  ^econd ;  its  least  discharge 
is  20  cubic  feet  per  second. 

Scantic  River  is  the  next  stream  of  any  size.  It  enters  the  river  seven  and  one-half 
miles  above  Hartford,  on  the  east  side,  and  has  a  number  of  mills  upon  it.  Its  greatest 
discharge  is  6,116  cubic  feet  per  second ;  its  mean  discharge  is  139  cubic  feet  per  second: 
its  least  discharge  is  35  cubic  feet  per  second. 

The  Farmiugton  or  Tunxis  River  is  a  large  stream  entering  the  river  upon  the  ^«st 
side,  five  and  one-half  miles  above  Hartford,  It  is  used  extensively  as  a  water-power 
in  the  several  villages  through  which  it  runs,  and  is  quite  an  important  stream.  Its 
greatest  discharge  is  24,375  cnbic  feet  per  second ;  its  mean  discharge  is  944  cubic  feet 
per  second  ;  its  least  discharge  is  450  cubic  feet  per  second. 

Stoughton's  Brook,  opposite  the  mouth  of  the  Farmiugton,  is  a  small  stteam,  use«l  as 
a  water-power.  Its  greatest  discharge  is  143  cubic  feet  per  second ;  its  mean  discharge 
is  5  cubic  feet  per  second  ;  its  least  discharge  is  3  cubic  feet  per  second. 

The  Podunk  River  enters  on  the  east  side,  about  two  miles  above  Hartford.  It  is 
used  as  a  water-power  by  several  factories.  Its  greatest  discharge  is  342  cubic  feet  per 
second  ;  its  mean  discharge  is  37  cubic  feet  per  second ;  its  least  discharge  is  8  cnbic  feet 
per  second. 

The  Park  River,  which  runs  through  the  City  of  Hartford  and  enters  the  Connecticut 
on  the  west  side,  is  used  as  a  water-power  by  mills  in  Hartford  and  several  places  above. 
Its  greatest  discharge  is  2,308  cubic  feet  per  second ;  its  mean  discharge  is  139  cubic  tVet 
per  second  ;  its  least  discharge  is  25  cubic  feet  per  second. 

The  Hockanum  River  enters  the  Connecticut  on  the  east  side  at  the  lower  end  of  the 
survey,  about  one  and  one-half  miles  below  Hartford.  It  is  used  as  a  water-power,  and 
is  quite  an  important  stream.  Its  greatest  discharge  is  6,167  cubic  feet  per  secoud;  its 
mean  discbarge  is  132  cubic  feet  per  second;  its  least  discharge  i8  60  cubic  feet  per 
second. 

BORINGS. 

Borings  were  made  at  several  places,  as  marked  on  the  maps,  to  ascertain  the  depth 
of  the  rock  in  the  bed  of  the  river.  The  tools  used  \yere  common  carpenter's  augers  of 
1^  and  2  inches  diameter,  attached  to  a  rod  of  ^-inch  gas-pipe.  The  pipe  was  in  lengths 
of  8  ftet,  with  threads  cnt  upon  the  ends,  so  that  they  would  screw  into  an  onlinary 
wrought- iron  coupling  and  abut  together  within  it  so  as  to  make  a  firm  joint  and  give 
an  exact  length  of  pipe  to  serve  as  a  measure  of  depth.  The  head  of  the  auger  was 
also  fitted  with  a  corresponding  thread  to  screw  into  the  coupling. 

A  wooden  cross-handle  was  used  for  turning  the  auger  and  pipe  from  the  top.  This 
passed  through  an  eye  or  socket  with  a  short  stem,  upon  the  lower  end  of  which  was  a 
screw-thread  fitting  into  the  coupliligs. 

The  apparatus  for  withdrawing  the  auger  consisted  of  a  shears,  formed  of  three  poles 
lashed  together  at  the  top  and  provided  with  blocks  for  hoisting  out  the  rod.  Where 
the  ground  was  soft  these  poles  were  drawn  down  so  as  to  be  forced  into  the  gronnd, 
so  that  a  lever  was  used  to  withdraw  the  rod  in  some  cases. 

This  apparatus  worked  very  well  when  the  auger  was  withdrawn  suflSciently  often, 
but  it  was  difficult  to  impress  the  necessity  of  this  upon  the  assistants,  and  the  appa- 
ratus was  frequently  injured  by  the  sticking  of  the  auger  when  bored  too  far  todra^ 
easily. 

The  material  bored  through  was  also  in  some  cases  very  difficult.  In  many  places  a 
quicksand  filled  up  the  hole  as  fast  as  bored,  and  in  others  the  material  was  of  great 
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hardness.     As  it  was  not  thon^rht  of  snfflcient  importance  to  go  to  the  expense  of 
lining  the  holes  with  pipe,  to  prevent  dlling  in,  some  of  the  borings  were  abandoned 
before  reaching  the  rock.    It  is  believed,  however,  that  they  are  sufficiently  deep  to 
show  the  character  of  the  river-bed. 
Respectfully  submitted. 

Theo.  G.  Ellis, 

Civil  Engineer, 
Gen.  G.  K.  Warren, 

Mqj,  of  Engineers,  U,  8,  A. 


X  15. 

NEW  HAVEN  HARBOR,  CONNECTICUT. 

The  dredf^ing  which  was  in  operation  at  the  time  of  my  last  annual 
report,  (August  30,  1873,)  under  the  appropriation  of  $20,000,  approved 
March  3,  1873,  was  continued  until  the  proposed  improvement  was 
completed. 

In  this  harbor  the  mean  rise  of  the  tide  is  6  feet^  The  object  of  the 
dredging  was  to  obtain  a  depth  of  16  feet  at  mean  low-water  in  a  channel 
200  feet  wide,  over  the  bar  between  Fort  Hale  and  the  light-house,  where 
the  available  low- water  depth  was  previously  11  feet.  This  was  accom- 
plished before  the  funds  were  exhausted,  and  the  channel  between  Long 
Wharf  and  Belle  Dock,  dredged  in  1871,  was  increased  in  width  30  feet. 
The  channel  of  1871  was  supposed  to  be  100  feet  wide  and  13  feet  deep 
at  mean  low- water,  but  an  examination  after  last  year's  work  showed  an 
available  width  of  but  110  feet,  which  points  to  the  conclusion  that  the 
previous  width  was  over-estimated.  The  depth  had  not  decreased  from 
13  feet,  and  the  sides  of  the  channel  were  well  defined. 

The  amounts  removed  during  the  past  fiscal  year  are  as  follows: 

Cubic  yards. 

From  the  har  helow  Fort  Hale 67,762 

Between  Long  Wharf  and  BeUe  Dock 11,193 

Total 78,956 

The  result  of  the  dredging  on  the  bar  below  Fort  Hale  is  not  alto- 
gether satisfactory.  An  examination  of  the  channel  two  months  after 
completion  showed  results  notably  different  from  those  to  have  been 
expected  from  examinations  made  during  the  progress  of  the  work  and 
from  the  amount  removed,  in  that  the  depth  should  have  been  17  feet, 
while  the  average  of  the  soundings  was  but  15  feet.  Owing  to  the  ex- 
cessively soft  nature  of  the  material  of  this  bar,  it  is  unsafe  to  premise 
a  great  duration  of  the  channel  dredged.  No  estimates  for  further  im- 
provements there  will  be  submitted  until  a  reasonable  degree  of  per- 
manence becomes  assured. 

A  jetty  was  commenced  on  the  beach  south  of  Fort  Hale,  for  the- 
double  purxK)se  of  arresting  sand  that  might  drift  out  on  the  bar  and  to 
cause  a  breach  in  the  ditch  of  the  fort  to  close  up. 

The  rock  used  was  that  taken  from  Luddington  Bock,  and  some  piles 
were  driven  to  aid  in  depositing  it.  Before  the  jetty  was  completed  it 
bad  snccee<led  in  closing  the  breach  by  the  action  oi  the  natural  forces, 
and  it  will  probably  be  permanent. 

LUDDINGTON  KOCK. 

The  contract  for  the  removal  of  Luddington  Rock  to  a  depth  of  16  feet 
bolow  mean  low- water  was  awarded  to  Mr.  J.  F.  Ward,  of  Jersey  City, 
for  the  sum  of  $11,000.    Work  was  not  begun  until  the  favorable  season 
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was  well  advanced,  and  after  commencement  .various  delays,  caused  by 
incompleteness  in  the  preparations  or  by  accidents,  prevented  any  great 
progress.  A  few  holes  were  drilled,  but  before  they  were  ready  for 
blasting  the  fall  storms  had  set  in.  Mr.  Ward,  however,  professes  a 
desire  to  accomplish  the  removal  of  the  rock,  and  has  asked  for  a  three 
months'  extension  of  the  contract.  No  payment  is  to  be  made  for  re- 
moving this  rock  till  it  is  all  removed. 

It  is  probable  that  all  the  work  done  on  this  rock  has  not  yet  resulted 
in  the  removal  of  the  highest  point,  10.4  feet  below  mean  low-water 
level. 

No  appropriation  was  asked  for  the  present  year. 

The  report  of  Mr.  H.  N.  Babcock,  assistant  engineer,  who  superin- 
tended the  operations  in  New  Haven  Harbor  during  the  last  year,  is 
transmitted  herewith. 

New  Haven  is  in  the  New  Haven  collection -district,  and  is  a  port  of  entry. 

The  amount  of  revenue  collected  duriDg  the  fiscal  year  ending  Juue  30, 1874,  vas 
$326,910.88. 

Financial  staienient 

Balance  in  Treasury  of  United  States  July  1, 1873..... $40,000  00 

Deduct  amount  expended  in  fiscal  year  1872-73 854  11 

Amount  expended  during  the  fiscal  year  ending  June  30, 1874 I8,2;V2  58 

Amount  available  July  1, 1874 20,^3  31 


Biport  of  Mr»  Henry  K.  Bdboockf  Assistant  Engineer, 

Engineer  Office,  UNrrED  States  Army, 

Neu^orty  R,  /.,  January  19, 1874. 
General  :  I  have  the  honor  to  submit  the  following  report  on  the  improvements  in 
New  Haven  Harbor,  made  under  your  direction  during  the  season  of  1873  : 

dredging. 

On  the  5th  of  Mjty  Messrs.  H.  N.  &  A.  J.  Beardsley  resumed  the  work  of  dredgioK 
on  the  bar  below  Fort  Hale  at  the  point  where  they  left  oflf  in  the  fall  of  1872.  At 
this  time  one  cut  of  25  feet  width  hsid  been  made  through  the  bar,  and  an  additional 
one  of  i35  feet  width  about  one- third  way  from  the  upper  end.  The  Messrs.  Beardsley 
continued  working  until  the  21st  of  June,  finishing  this  second  cut  and  making  an- 
other on  the  east  side  of  the  first  to  straighten  out  the  channel,  which  was  somewhat 
irregular. 

During  May  they  removed  16,641  cubic  yards  of  mud,  and  during  their  work  in  June 
24,137  cubic  yards,  making  a  total  of  40,778  cubic  yards  during  thirty-four  working 
days;  an  average  of  1,200  yards  a  day.  The  amount  paid  them  was  ^,045.49,  the  con- 
tract-price  being  19^^  cents  per  cubic  yard. 

The  M(588r8.  Beardsley  had  five  scows  in  use ;  two  of  214.5  cubic  yards  contents  each, 
one  of  103.4  yards,  and  two  of  56  yards  each. 

On  May  14  the  Atlantic  Dredging  Company  began  work,  under  contract  for  1873,  at 
17^  cents  per  cubic  yard,  and  continued  working  on  this  bar  until  September  15. 

They  removed  during  the  respective  months  as  follows ' 

Gable  yards. 

May 11,135 

June ^J,473 

July 32,643 

August 20.416 

September 14,703 

Total ^ 102,375 

This,  distributed  through  eighty-eight  working  days,  makes  an  average  of  1,164 
yards  per  day.  Two  scows,  each  containing  312  cubic  yards,  were  employed.  Fram 
the  cut  made  in  1872  there  were .  20,629.8  cubic  yards  removed,  making  the  total 
amount  of  material  taken  from  the  channel  163,728.8  cubic  yards,  giving  an  average 
dt'pth  of  cut  of  3.88  feet,  the  length  being  5,700  feet  and  the  bi^eadth  200  feet  I  was 
obliged  to  carry  the  channel  about  1,400  feet  farther  south  than  I  conld  trace  the  cot 
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of  1872,  in  order  to  reach  a  16-foot  depth.  I  was  unable  to  learn  the  cross-range  by 
which  the  work  of  1872  was  started.  The  range  fixing  the  south  end  of  the  cut  as  at 
preitent  is  a  line  from  the  cnpola  of  the  Seaview  House,  West  Haven,  to  a  point  half 
way  between  two  bams  on  the  brow  of  the  hill  beyond,  and  bears  nearly  due  east  and 
west  The  rest  of  the  cat  of  ltJ72  was  quite  well  defined,  and  followed  without  diffi- 
culty. Thedredges  were  ranged  on  line  by  oystor-stak(«  forced  into  the  bottom.  These 
had  frequently  to  be  renewed,  but  were  the  only  satisfactory  ranges  we  could  procure. 
I  had  one  tide-gauge  on  the  shore  at  Fort  Hale,  and  another  about  two-thirds  way 
down  the  cut,  fastened  to  a  scantling,  which  was  driven  into  the  mud  and  held  upright 
by  rope-guys  radiating  off  to  three-  stones  sunk  about  15  feet  from  the  bottom  of  the 
gauge.  I  att>ached  a  red  flag  to  this  ^auge,  and  it  remained  till  near  the  close  of  tl.e 
work,  when  it  was  run  over  In  the  night.  Part  of  the  time  the  gauges  had  to  be  read 
by  glasses.  Soundings  were  taken  generally  at  the  close  of  each  day's  work  when  the 
weather  was  suitable.  The  average  of  these  soundings  quite  uniformly  exceeded  the 
required  depth,  being  occasiouaily  as  great  as  18  feet ;  but  it  was  noticed  that  when- 
ever these  soundings  were  left  for  two  or  three  days  the  average  was  somewhat  less. 
The  mud  removed  was  exceedingly  soft,  none  of  it  being  firm  enough  to  stop  on, 
and  some  so  thin  as  to  level  itself  in  the  scows ;  that  taken  from  the  ends  of  the  cut 
sfmeared  in  general  to  have  less  consistency  than  that  from  the  middle. 

The  mad  frequently  came  up  full  of  young  clam-shells,  never  living ;  it  was  dark 
aud  free  from  sand,  and  dried  quito  hard.  The  depth  of  this  mud  on  the  bar  I  could 
not  ascertain.  I  have  frequently  seen  the  dredge's  spud— a  40-foot  beam — sink  down 
within  10  feet  of  the  water-level  where  the  water  was  no  more  than  18  feet  deep. 

A  survey  was  made  in  the  early  parft  of  November  to  ascertain  the  condition  of  the 
channel  after  the  work.  The  results  of  this  survey  have  been  transferred  to  the  trac- 
ing of  the  survey  of  New  Haven  Harbor  of  1^71  and  to  the  tracing  of  the  map  of  the 
diedged  channel  after  work  of  1872.  The  depths,  instead  of  being  excessive,  were 
fonnd  almost  uniformly  too  small.  The  average  depth  on  the  line  of  the  cut  before 
work,  taken  from  the  map  of  1871,  appears  about  13  feet^  and  the  average  depth  of 
material  reoioved^.38  feet — ought  to  give  a  general  depth  of  nearly  17  feet,  whereas 
the  survey  shows  only  about  15  feet.  This  is'  perhaps  only  to  be  expected  from  the 
softness  of  the  material ;  but  I  do  not  consider  that  all  can  be  due  to  washing  in  from 
the  sides,  as  they  are  yet  tolerably  well  defined  ;  probably  it  may  partially  result  from 
a  subsidence  of  the  surrounding  bottom  and  a  consequent  elevation  of  the  bottom  in 
the  cut.  The  gauge  used  on  the  survey  was  one  of  those  used  during  the  dredging,  and 
was  referred  to  the  bench-mark  at  Fort  Hale. 

The  available  depth  of  the  channel  at  the  time  of  the  survey  was  14.5  feet  at  mean 
low-wat«r;  but  it  is  impossible  to  say  whether  or  not  it  has  yet  attained  a  condition 
of  permanency.  Before  the  channel  can  be  of  use  it  must  be  buoyed ;  probably  a  black 
booy  on  the  west  side  at  each  end  and  a  red  buoy  on  the  east  sidein  the  middle.  The 
cut  ranges  between  Southwest  Ledge  aod  East  Rock;  but  this  alone  is  not  definite 
enough  for  so  narrow  a  channel.  After  the  completion  of  this  work  the  Atlantic 
Dredging  Company  moved  their  dred^  up  the  harbor,  and  made  one  cut  35  feet  wide 
on  the  southeast  side  of  the  cut  made  in  1871,  from  Long  Wharf  to  Belle  Dock,  removing 
11,193  cubic  yards  iu  ten  working  days. 

The  old  cnt  here  was  fonnd  quite  well  defined,  the  mud  was  much  stiffer  than  that 
down  the  harbor,  and  at  the  upper  end  was  too  hard  to  be  removed  with  the  ordinary 
mnd-bnckets.  fSxim  some  of  it  I  washed  about  50  per  cent,  of  fine  sand  and  broken 
shell.  Probably  all  above  the  west  end  of  the  New  York,  New  Haven  and  Hartford 
Railroad  coal-docks  should  be  mentioned  a?  sand  in  specifications.  A  survey  made  after 
the  completion  of  the  work  shows  the  dredged  channel  to  be  110  feet  wide,  instead  of 
135  feet,  as  it  should  be  if  the  old  cut  had  been  100  feet  wide. 

The  results  of  this  survey  have  been  copied  on  the  tracing  of  the  map  of  the  upper 
part  of  the  harbor. 
The  tide-gauges  used  were  connected  with  the  bench-mark  on  Long  Wharf. 
I  do  not  consider  it  desirable  to  continue  the  wideuing  of  the  channel  below  Fort 
Hale  any  further,  at  least  until  the  permanence  of  the  present  work  becomes  estab- 
lished. For  the  present  the  widening  of  the  channel  from  Long  Wharf  to  Tomlinson's 
Bridge  would  be  of  more  general  use  tnan  the  same  amount  of  work  in  any  other  place ; 
after  that,  from  Long  Wharf  south.    I  submit  estimates  for  the  former. 

To  make  channel  from  Long  Wharf  to  Tomlinson's  Bridge  200  feet  wide  and  13  feet 
deep  will  ret^uire  the  removal  of— - 

60,000  cubic  yards  mud,  at  20  cente • $12,000 

12,000  cubic  yards  sand,  at  50  cents 6,000 

For  Buperintoodencey  &o 2,000 

Total 20,000 

The  widening  should  be  on  the  northwest  side  of  the  present  channel  from  Long 
Wharf  to  the  coal-docks,  and  above  the  coal-dooka  on  the  south  side. 
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LUDDINGTON  ROCK. 

On  the  20th  of  June  Mr.  J.  F.  Ward,  contractor  for  the  removal  of  the  rock,  Bont  oat 
a  schooner  with  apparatus  t.o  build  a  platform  over  the  rock. 

Mr.  Ward's  plan  of  operations  was  to  set  up  tripods  of  railroad  iron  over  the  rock, 
sling  spars  between  the  tripods,  and  build  the  platform  across  the  spars,  the  floor  to  be 
above  extreme  high-water.  The  rails  of  each  tripod  were  fastened  by  a  steel  pin 
through  the  top,  which  was  held  by  lashings.  When  a  half-dozen  tripods  had  been  pat 
up  the  schooner  drifted  into  them  and  overturned  them  ;  the  work  then  had  to  be  re* 
peated.  Mr.  Ward's  idea  at  first  was  to  use  hand  drilling.  After  this  proved  inefl^eetnal, 
he  set  np  an  Ingersoll  drill  on  the  platform,  and  used  steam  from  tne  boiler  of  a  tow- 
boat  which  he  was  then  employing.  Afterward  he  had  a  small  upright  boiler  on  the 
staging,  which  was  too  small  to  keep  the  drill  supplied,  and  occasioned  considerable 
delay  in  waiting  for  6team.  Between  the  time  taken  for  preparation  and  bnilding  the 
staging,  and  that  occupied  in  making  actual  and  contemplated  changes  in  the  working 
force  and  in  taking  inventories,  the  best  part  of  the  season  was  consumed,  and  the  re- 
sult of  the  whole  work  is  only  the  drilling  of  about  twenty-five  holes  to  a  depth  of  17 
feet  below  low- water.  The  smallness  of  this  result  I  regard  as  not  so  maoh  due  to  the 
plan  of  the  work  as  to  the  manner  of  carrying  it  out. 

The  platform  and  tripods  are  removed  for  the  winter.  Bifr.  Ward  intends  to  begin 
again  as  soon  as  the  weather  will  permit,  and  carry  out  his  contract,  if  possible. 

While  the  platform  was  standing,  on  account  of  the  ready  means  of  locating  sound- 
ings accurately,  I  made  a  survey  of  the  portion  of  the  rock  covered  by  it.  I  located 
the  tripod  heads,  and,  stretching  a  graduate<]  line  between  them,  sounded  at  every  5 
feet,  and  oftener  where  there  was  a  decided  rise  or  fall  of  the  bottom.  A  map  of  this 
survey  was  made  on  a  scale  of  5  feet  to  the  inch,  which  compares  sufficiently  well  with 
that  made  after  the  work  of  1872. 

The  following  statistics  were  published  by  the  collector  of  port  at  New  Haven : 

1873.  1872. 

Value  of  merchandise  imported $10,463  40    $932,407 

Yalue  of  merchandise  exported 307,000  00      269,925 

Total  revenue  receipts 350,546  00      227,369 

Number  of  foreign  vessels  entered 104 

The  total  revenue  collected  at  other  ports  in  the  State  (Connectiont)  in  1873  amounted 
to  but  little  over  $66,000. 
Very  respectfully, 

Hbnrt  N.  Baboock. 
Oen.  G.  K.  Warren, 

Major  of  Eiufineere,  U.  S,  A. 


X  i6. 

MILFORD  HARBOR.  CONNECTICUT. 

A  6arv«y  of  Milford  Harbor  was  made  in  the  fall  of  1872,  and  de< 
scribed  in  my  special  report  dated  December  24,1872,  which  was  printed 
as  part  of  Ex.  Doc.  No.  107,  Forty-second  Congress,  third  session,  and 
also  incorporated  into  the  report  of  the  Chief  of  Engineers  for  1873. 

In  that  report  the  following  estimates  were  submitted  : 

For  a  breakwater  at  Welch's  Point (67,000 

For  protecting  the  east  shore  by  jetties 5,500 

For  a  jetty  at  the  mouth  of  the  Wepanwog 5, 500 

For  dredging  the  bar  at  the  mouth  of  the  Wepanwog,  100  feet  wide  by  4  feet 
deep  at  mean  low-water 7,000 

Total 85,000 

The  title  of  the  appropriation  of  $5,000,  approved  Jnne  23,  1874, 
vie,  "  for  the  improvement  of  Milford  Harbor,  Connecticut,"  leaves  it  free 
to  be  applied  as  deemed  best,  but  the  smallness  of  the  amonnt  exolndes 
the  first  Darned  from  cousideration.  The  other  estimates  have  for  their 
object  the  facilitating  of  the  local  traffic. 
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The  appropriated  money  would  be  sufficient  to  cut  a  channel  80  feet 
wide,  4  feet  deep  at  mean  low-water,  through  the  "bar,  and  this  method 
of  expenditure  would  undoubtedly  produce,  the  most  immediate  and 
visible  results.  But  the  combined  e^ect  of  the  erosion  of  the  east  bank 
and  of  the  ebb-scour  from  the  Wepanwog  River  would  soon  fill  up  any 
small  cut,  and  leave  the  work  to  be  repeated.  Both  the  other  improve- 
ments must  be  made  before  or  at  the  same  time  with  the  dredging,  to 
leave  the  increased  depth  permanent.  The  present  depth  of  the  channel 
is  one  that  it  has  attained  as  an  equilibrium  of  the  depositing  and  scour- 
ing actions  of  the  water,  and  is  comparatively  permanent;  so,  until 
some  change  in  the  depth  is  produced,  the  scour  is  at  a  minimum.  The 
erosion  of  the  east  bank  is  not  affected  by  the  condition  of  the  channel 
above,  but  with  every  southerly  storm  it  throws  the  debris  of  the  bank 
oat  on  the  present  bar,  increasing  the  distance  across  it. 

The  action  against  the  east  shore  of  the  harbor  being,  then,  the  more 
energetic,  it  is  proposed  to  devote  the  appropriation  to  the  prevention 
of  further  erosion  by  building  out  jetties  between  highrwater  and  low- 
water  to  the  high-water  level,  and  at  intervals  of  100  feet  apart  for  a 
distance  of  2,100  feet  along  the  shore.  Tliis,  it  is  anticipated,  will  stop 
the  principal  source  of  the  bar  at  the  entrance  to  the  river,  and  leave 
future  appropriations  to  be  expended  effectively  toward  its  improve- 
ment. 

The  estimates  made  for  building  jetties  and  dredging  were  $18,000, 
leaving  $13,000,  in  addition  to  the  present  appropriation,  necessary  to 
complete  this  improvement.  This  amount  could  be  expended  economi- 
cally in  the  next  fiscal  year. 

Milford  is  in  tlie  New  Haven  collection-district.  New  Haven  is  the  nearest  port  of 
entry.  The  amonnt  of  revenae  collected  there  daring  the  fiscal  year  ending  Jane  30, 
1974,  was  $326,910.88. 

Financial  statement 

Amount  appropriated  by  act  approved  June  23, 1874 • $5, 000 

Amonnt  available  July  1, 1874 5,000 

Amonnt  required  for  the  fiscal  year  ending  June  30, 1876 13, 000 


X17. 

HOUSATONIC  RIVER,  CONNECTICUT. 

The  dredging  which  was  in  operation  at  the  time  of  my  last  annual 
report,  (August  30, 1873,)  under  the  appropriation  of  $10,000,  approved 
March  3, 1873,  was  continued  till  the  fund  was  exhausted.  The  object 
sought  in  this  river  is  to  secure  a  draught  of  7  feet  at  mean  low-water 
over  the  shoals  and  bars.  This  was -practically  accomplished  with  the 
last  appropriation,  with  the  exception  of  the  bar  at  the  mouth.  To 
secure  here  any  permanent  increase  of  the  pi-esent  depth  (5  feet  at 
mean  low-water)  is  a  very  expensive  work  at  best,  and  I  have  preferred 
expending  the  money  at  other  places  first,  and  waiting  the  result  of 
our  efforts  to  deepen  the  water  on  other  similar  estuaries  before  trying 
here.  The  mean  rise  of  the  tide  at  the  mouth  of  the  Housatonic  being 
6J  feet,  there  is  no  diflBculty  for  vessels  to  cross  the  bar  at  high-tide, 
but  it  is  very  desirable  to  cross  at  the  beginning  of  the  rising  tide,  so 
that  the  flood  can  be  carried  up  to  Derby,  otherwise  the  time  of  two 
tides  might  be  required  in  passing  the  length  of  the  river.  A  similar 
effect  to  deepening  the  bar  at  the  mouth  can  be  secured  to  navigation 
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by  deepening  the  bars  at  and  near  the  head  of  navigation,  so  that  they 
can  be  passed  at  half-tide,  but  these  up-river  bars  are  also  much  sub- 
ject to  the  river  freshets,  and  will  require  annual  attention.  Work  upon 
the  uppermost  cannot  be  relied  upon  after  heavy  freshets.  The  new 
appropriation  for  this  river  will  probably  be  needed  in  redredging  some 
of  the  upper  bars  and  in  widening,  straightening,  and  deepening  the 
channel. 
The  work  done  the  past  fiscal  year  was  as  follows: 


Locality. 

1. 

c  g 

r 

At  Crofut'8  Bar 

10,  m 

5,052 
17, 01» 
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7 
7 
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At  Dn'w's  Bar 

80 
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IW 

At  The  Ballast 

ISO 

Total 

34. 514 

In  connection  with  this  improvement  a  survey  was  made  from  Derby 
Bocks  down  to  and  including  Drew's  Rock  and  Barj  then  an  interval 
of  about  three  and  one-half  miles  of  unobstructed  river  was  passed  by, 
and  the  survey  continued  from  above  Mill  Bar  down  to  the  New  York 
and  New  Haven  Eailroad  bridge,  where  a  connection  wa«  made  with 
the  survey  of  the  previous  year,  which  extended  to  the  mouth.  The 
map  of  the  river  (in  two  sheets)  from  this  last  survey,  on  a  scale  of 
200  feet  to  the  inch,  is  sent  herewith.  The  first  surveys  of  the  bars 
made  in  1871  were  disconnected,  which  made  a  resurvey  desirable, 
which  was  further  needed  to  ascertain  the  changes  in  the  riVer-bed  and 
the  results  of  our  operations. 

The  survey  and  superintendence  of  the  improvement  during  the  last 
fiscal  year  was  done  by  Mr.  H.  N.  Babcock,  assistant  engineer,  whose 
report  is  transmitted  herewith. 

The  appropriation  of  $10,000,  approved  June  23,  1874,  will  probably 
do  all  that  the  importance  of  the  navigation  of  this  river  will  at  presait 
justify,  but  it  is  recommended  that  $5,000  be  appropriated  for  the  fiscal 
year  ending  June  30,  1876,  to  provide  for  removing  such  obstructions 
as  may  recur. 

In  view  of  the  contingent  character  of  the  work  hereafter  to  be  done 
upon  this  river,  it  is  best  that  the  work  be  done  by  hiring  a  dredge  by 
the  day,  or  in  some  other  way,  as  the  necessity  for  the  work  arises,  and 
not  attempt  to  make  a  contract,  where  the  uncertain  conditions  furnish 
no  basis  tor  a  fair  agreement  for  any  definite  length  of  time  in  advance. 

HonsatoDic  River  is  in  the  Fairfield  collection-district.  The  nearest  port  of  entry 
is  Bridgeport,  where  the  revenue  collected  during  the  fiscal  year  ending  June  30, 1874, 
amounted  to  $3,584.12. 

Financial  statement 

Balance  in  Treasury  of  United  Statue  July  1, 1873 $10,000  00 

Amount  in  hands  of  officer  and  subject  to  bis  check,  (including  $104.24 

percentage  due  on  contracts  not  yet  completed ) 3»  396  54 

Amount  appropriated  by  act  approved  June  23,  1874 10, 000  00 

Amonut  expended  during  the  tiscal  year  ending  June  30, 1874 13, 169  61 

Amount  available  July  1,  1874 10,2:26  93 

Amount  required  for  the  fiscal  year  ending  June  30,  1876 5, 000  00 
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Bepart  of  Mr,  H,  N,  Bdboock^  Assistant  Engineer, 

Engineer  Office,  United  States  Army, 

Newportj  R,  /.,  June  23,  1874. 

General:  I  have  the  honor  to  submit  the  followinpr  report  of  operations  in  connec> 
tion  with  the  improvement  of  Housatonic  Hiver,  Connecticut,  daring  the  year  1873. 

Tbe  dredging  on  this  river  began  the  I3th  May,  under  the  superintendence  of  Mr. 
W.  W.  Starr,  jr.,  assistant  engineer,  and  passed  into  my  hands  on  the  1st  of  June. 

Dnring  the  months  of  May  and  Juno,  the  contractor  for  the  work,  Mr,  G.  H.  Ferris, 
of  Brooklyn,  N.  Y.,  removed  from  Two-Mile  Island  Bar  20,385  cubic  yards :  the  dredge 
was  then  transferred  to  the  bar  immediately  below  Drew's  Rock,  from  which  5,052 
cnbic  yards  were  removed  up  to  the  15th  Jnly,  when  the  dredge  was  set  at  work  at 
Mill  Bar,  removing  up  to  the  14th  August  17,019  cubic  yards.  The  remainder  of  the 
month  of  August  was  spent  at  Crofnt's  Bar,  from  which  10,197  cubic  yards  were 
removed ;  the  work  was  then  finished  by  the  removal  of  the  "  ballast,"  which  occupied 
until  the  llth  September,  and  required  the  removal  of  2,246  cubic  yards.  The  total 
amunnt  excavated  in  the  river  during  the  year  was  54,899  cubic  yards,  during  100 
working-clays,  an  average  of  550  cnbic  yards  per  day.  The  material  removed  at  Two- 
Mile  Island  Bar  and  at  Drew's  Bar  was  hard  sand  ;  that  at  Crofut's  Bar  and  Mill  Bar 
was  in  places  dark-colored,  fine,  and  quite  soft;  the  ballast  was  found  to  consist  of  a 
nucleus  of  small  stones,  around  which  a  quantity  of  compacted  shells  and  gravel  had 
gathered. 

The  resnltA  of  the  work  have  been  as  follows  :  At  Two-Mile  Island  Bar,  a  channel 
was  made?  feet  deep  at  low-water  and  80  l^et  wide;  this  channel  was  cut  according 
to  ranges  laid  out  in  1872,  and  as  two  cut«  of  20  feet  width  each  ha,jd,  by  June  1, 
already  been  made  close  to  the  east  shore,  it  was  necessary  t>o  make  the  other  two  par- 
allel and  adjacent;  this  left  the  south  end  of  the  channel  too  far  to  the  east  to  meet 
tbe  line  of  deepest  water  below,  s  >  a  wedge-shaped  cut  was  made  on  the  west  side 
of  the  channel  as  laid  out  and  running  about  50  feet  farther  down  stream.  This 
brought  the  cut  to  the  deepest  part  of  that  cross-section  of  the  river.  Had  time  and 
means  permitted,  it  would  have  been  well  to  have  continned  this  channel  about  500 
feet  farther  down  stream ;  but  as  it  had  already  considerably  exceeded  the  limits 
marked  out,  and  as  a  more  pressing  exigency  existed  at  Drew's  Rock,  the  dredge  was 
removed.  Opposite  the  upper  end  of  Two-Mile  Island,  and  near  the  south  end  of  the 
dreilged  channel,  Tnrkey  Hill  Brook  empties  into  the  river ;  there  seems  a  tendency  to 
form  a  shoal  at  this  point;  but,  with  no  record  of  the  condition  farther  back  than  last 
summer,  the  rate  of  formation  cannot  be  estimated  ;  the  stream  is  not  a  large  one. 

Since  the  construction  of  the  Drew's  Rock  embankment,  the  shoal  on  the  east  side 
has  extended  up  in  a  point  to  about  60  feet  south  of  the  rock  ;  the  current  ran  around 
the  rock,  cutting  into  the  shoal  ground  just  east  of  the  newly-formed  bar,  then  back 
between  the  point  of  the  bar  and  the  rock,  and  turned  off  again  down  stream,  thus  de- 
scribing rather  more  than  a  complete  S ;  the  current  of  the  flood- tide  was  not  quite  so 
crooked.  Owing  to  this  complexity  of  current  as  well  as  to  the  narrow  and  crooked 
condition  of  the  channel,  it  was  qnite  difficult  for  boats  to  pass  the  rock  safely  with- 
out running  on  the  bar.  I  was  instructed  to  cut  off  the  point  of  this  bar  rather  than 
to  cut  a  channel  through  it.  This  was  done  in  an  oblique  direction  to  a  point  about 
200  feet  below  the  rock,  and  to  a  depth  of  7  feet  at  low-water.  This  improvement  was 
appreciated  at  once,  and  I  was  unable  to  learn  that  any  difficulty  in  passing  the  rock 
bad  since  been  experienced. 

On  the  15th  July,  the  dredge  was  removed  to  Mill  Bar.  The  proposed  improvement 
here  was  to  widen  the  cut  of  1872  at  the  curve  in  the  channel.  This  was  done  by 
making  two  cuts  across  the  vertex  of  the  curve,  and  then  cutting  off  the  point*  at 
either  end  of  those  cuts.  A  small  point  projecting  from  the  meadows  on  the  east  shore 
jnst  above  tbe  north  end  of  the  cut  was  also  removed.  On  the  southwest  side  of  the 
channel,  the  water  is  very  shallow,  and  in  places  low  water  leaves  the  bottom  bare. 
That  part  of  the  flood-tide  that  runs  up  over  the  shoal  ground,  instead  of  turning  with 
the  bend  in  the  channel,  tends  to  run  obliquely  into  it.  This  will  probably  wash 
down  the  sides  of  the  channel  more  or  less,  but  it  cannot  well  be  avoided.  At  Mill 
Bar,  the  river  suddenly  widens  to  about  double  its  width  above,  and  the  channel  crosses 
quite  sharply  from  the  west  to  the  east  side  of  the  river.  It  was  in  the  curve  at  the 
east  end  of  this  crossing  that  the  main  obstruction  lay.  Farther  back  than  ten  years 
ago  the  channel  was  between  Long  Island  and  Pope's  Flat.  In  the  spring  of  1H64,  the 
ice  blocked  between  these  two  meadows,  and  turned  the  main  body  of  water  against 
the  oast  shore,  where  the  present  channel  was  formed.  It  is  impossible  to  say  that  a 
repetition  of  similar  circumstances  may  not  divert  the  channel  to  its  original  course. 
Between  Long  Island  and  Pope's  Flat,  there  is  now  in  places  as  much  as  12  feet  of 
water,  but  there  is  a  shoal  at  each  end  of  the  channel.  The  great  development,  at  this 
point  in  the  river,  of  flats  bare  or  nearly  bare  at  low- water,  must  be  regarded  as  a 
dfscidod  disadvantage  ;  however  much  it  may  increase  the  tidal  basin  and  consequent 
scoar  below,  it  cannot  but  have  a  bad  effect  at  times  when  the  river  is  unusually 
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swollen  by  diffusing  the  action  of  the  freshet  and  forming  a  place  of  dejKMit  for  any 
material  then  held  in  snRpension. 

The  river  is  wider  at  Mill  Bar  than  at  any  other  point  above  the  month.  In  the  old 
channel  the  tide  flows  very  rapidly  and  keeps  it  from  filling.  The  dredging  made  the 
new  channel  200  feet  wide  at  the  curve  and  120  feet  wide  elsewhere. 

On  the  14th  August,  the  dredge  was  removed  to  Crofnt's  Bar,  a  shoal  formed  across 
from  the  upper  end  of  Woosters  Island  to  the  west  shore.  The  channel  east  of  the 
'  island  is  very  shallow.  Crofut's  Bar  had  about  5  feet  over  it  at  low-water,  though,  on 
account  of  the  narrow  and  crooked  course  of  the  channel^  hardly  that  depth  was 
available.  A  cut  was  made  40  feet  wide  and  7  feet  deep  at  mean  low-wat-er;  but  a 
small  amount  of  the  appropriation  remained,  so  the  work  had  to  be  stopped  at  this 
width,  in  order  to  leave  enough  for  the  removal  of  the  *'  ballast."  Very  few,  if  any,  of 
the  boats  running  to  Di*rby  draw  over  7  feet  of  water ;  and  as  Crofnt^s  Bar  was  passable 
at  half-tide  to  any  such,  it  was  not  a  very  serious  obstacle ;  however,  it  appeared  to 
demand  attention  quite  as  much  as  any  point  above  the  New  York  and  New  Haveu 
Railroad  bridge. 

On  the  2d  September  the  dredge  began  work  on  the  "  ballast,"  and  by  the  lltb  suc- 
ceeded in  removing  the  obstruction  to  a  depth  of  7  feet.  The  "  ballast "  lay  about  2^  feet 
below  low-water  in  the  middle  of  the  channel,  about  a  mile  below  Stratford,  and  was 
not  buoyed  J  there  was  sufficient  room  and  depth  to  pass  on  either  side,  and  it  could 
not  be  a  serious  obstacle  in  daylight  to  any  one  acquainted  with  the  river;  still,  its  re- 
moval must  be  a  satisfaction  to  all  concerned.  This  done,  Mr.  Ferris's  dredge  was  dis- 
charged ;  the  contractor  throughout  displayed  a  willingness  to  comply  with  the  terms 
of  bis  contract,  and  forwarded  his  work  with  commendable  energy. 

There  was  o,*i  this  time  about  $400  of  ^he  apprrpriation  left,  and  with  this  it  was 
deemed  desirable  to  make  surveys  of  the  dredged  channels. 

8UR\rEy8. 

On  the  Ist  October,  with  the  assistance  of  Messrs.  C.  L.  Howes  and  W.  C.  Graham, 
assistant  engineers,  and  aparty  of  three  boatmen,  I  began  asurvey  of  the  river,  extending 
from  Mill  Bar  to  the  New  York  and  New  Haven  Railroad  bridge.  A  traverse-lino  was 
run  on  both  sides  of  the  river,  and  the  soundings  all  located  by  int-ersecting  sights 
from  two  transits  at  stations  on  the  shore.  Tidal  observations  were  taken,  and  high- 
water  and  low-water  recorded  day  and  night  for  two  weeks.  There  was  a  box  tide- 
gauge  belonging  to  the  work,  which  we  fastened  to  a  dock  at  Mill  Bar ;  a  brass  clamp 
was  made,  which  could  be  attached  to  the  indicator  of  the  gauge,  and  to  the  end  of 
this  clamp  a  tube,  large  enough  for  the  play  of  a  lead-pencil,  was  fixed ;  then,  with  the 
clamp  fastened  to  the  indicator,  and  a  very  light  elastic  passed  over  the  head  of  the 

Sencil  to  keep  it  against  the  face  of  the  ^auge,  the  height  of  high  and  low- waters 
nring  the  night  coald  be  distinctly  read  in  the  morning  by  the  trace  of  the  pencil. 
The  place  of  observation  was  pretty  well  sheltered  f^om  the  waves,  and  the  p&ncil- 
marks  had  to  be  read  and  washed  out  before  another  tide  was  recorded :  the  indicator 
stood  2.7  feet  above  the  level  of  the  water.  A  bench-mark,  consisting  of  a  copper  bolt, 
with  a  cross  filed  in  the  head  and  leaded  into  the  rock,  was  established  at  a  point  on 
the  east  side  of  a  low,  rocky  hillock,  just  south  of  the  mouth  of  Peck's  Creek;  the 
bench-mark  is  7.544  feet  above  the  observed  mean  low-water.  Unfortunately,  during 
the  whole  survey,  the  river  was  in  a  state  of  freshet,  making  the  mean  of  the  observed 
low-waters  about  0.7  foot  higher  than  a  true  mean  low-water.  The  observed  mean  rise 
and  fall  of  tide  was  4.36  feet. 

As  soon  as  this  survey  was  finished,  one  was  begun  extending  from  Derby  Dock  to 
and  including  the  dredged  ground  below  Drew's  Rock. 

Captain  Edwards's  bench-marks,  established  in  1871,  were  used  on  this  survey.  The 
sounding-stations  were  connected  by  triangulation  as  fast  as  they  were  needed,  and 
after  the  soundings  were  completed  a  traverse-line  was  run  as  far  as  the  limited  time 
would  admit  of.  A  tide-gauge  was  set  up  at  each  of  Captain  Edwards's  bench-marks, 
one  at  Derby  Dock  and  one  at  Drew's  Kock.  The  freshet  was  found  to  have  raised 
the  river  2  feet  at  the  upper  gauge  and  1  foot  at  the  lower  gaiige,  where  the  river  is 
muoh  wider,  making  the  slo^e  greater  than  the  ordinary  slope  by  1  foot  in  this  dis- 
tance. The  difference  of  height,  1  foot,  was  divided  proportionally  to  the  distance 
from  one  tide-gauge,  and  this  proportional  amount  was  added  or  subtracted  in  reduc- 
ing the  soundings,  according  to  the  tide-cauge  used — added  in  case  of  the  Derby-Dock 
gauge  and  subtracted  from  that  at  Drew's  Rock.  Maps  embodying  the  results  of  both 
these  surveys  have  been  made  on  a  scale  of  200  feet  to  the  inch  and  submitted. 

FUTURE  IMPROVEMBNT8. 

With  regard  to  the  necessity  of  further  improvements,  the  river  is  at  prnsent  more 
easily  navicable  over  its  entire  length  below  Derby  than  over  the  bar  at  ita  moutb. 
Indeed,  with  the  exception  of  places  where  work  has  been  done,  I  could  learn  of  no 
locality  in  the  river  where  shoals  were  very  troublesome.  At  the  upper  end  of  Oro- 
nock  Meadow,  about  a  mile  above  Mill  Bar,  the  greatest  depth  is  about  6  feet,  bat 
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the  channel  there  is  quite  wide  and  is  not  yet  a  serions  obstacle.  Any  work  elsewhere 
than  at  the  mouth  could  probably  be  done  to  greatest  advantage  in  widening  last  year's 
cut  at  Crofnt's  Bar,  and  in  extending  the  cut  at  Two-Mile  Island  about  600  feet  down 
stream.  Undonbteidly,  work  could  be  done  at  any  time  near  the  docks  at  Derby  and 
Hantington,  which,  if  not  necessary,  would  be  appreciated. 

There  are  now  in  your  possession  maps  or  tracings  of  maps  of  the  Housatonic  River 
from  the  villages  of  Birmingham  and  Derby  to  tne  sound,  with  the  exception  of  a 
length  of  about  three  and  one-half  miles  between  Drew's  Rock  and  Mill  Bar.  There  is 
DO  improvement  at  all  urgently  neede<l  on  this  section,  but  a  survey  of  it  would  add 
to  the  completeness  of  your  information  about  the  present  condition  of  the  river. 

It  is  not  easy  to  find  a  wholly  suitable  dumping-ground  in  the  river.  Unless  the  late 
freshets  have  filled  it  considerably,  some  material  could  be  deposited  at  high- water 
behind  Two-Mile  Island,  some  mi^ht  be  placed  behind  Forster's  Island,  and  some  oppo> 
Bite  Drew's  Rock.  It  will  be  advisable  to  extend  the  dumping-ground  at  Drew's  Rock 
but  very  little  farther  north,  as  the  separation  from  the  channel  oecomes  less  marked ; 
hence  it  could  not  be  used  much  at  low-water.  All  the' dumping-grounds  in  the  river 
are  most  available  at  or  near  high- water,  at  which  time  it  would  be  desirable  the 
damping  should  mainly  be  done.  This  would  necessitate  the  employment  of  at  least 
five  or  six  scows  capable  of  dumping  in  5  feet  of  water,  and  a  tug-boat  drawing  no  more. 
If  future  work  be  contemplated  m  this  river,  above  the  New  York  and  New  Haven 
Railroad  bridge,  I  should  recommend  that  a  positive  requirement  to  this  effect  be 
inserted  in  the  specifications. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

H.  N.  Babcock. 

Gen.  G.  K.  Warren, 

Major  of  Engineer*,  U,  8,  A, 


X  i8. 

BRIDGEPORT  HARBOR,  CONNECTICUT. 

The  improvement  of  this  harbor  was  begun  by  me  in  1871.  That  year 
work  was  mainly  confined  to  building  a  jetty  or  breakwater,  perpendicu- 
lar to  Long  Beach,  on  the  east  side  of  the  harbor.  It  is  designed  to 
arrest  the  movement  of  the  littoral  sand,  and  to  cause  a  greater  portion 
of  the  tide  to  flow  over  the  channels  across  the  bar. 

This  jetty  was  increased  in  length  in  1872,  and  at  the  end  of  the  fiscal 
year,  June  30,  1873,  had  been  extended  1,380  feet  from  the  beach.  No 
farther  extension  has  since  been  made,  as  it  was  thought  now  long 
enough  to  arrest  the  littoral  sand,  and  allow  of  the  removal  of  the  inner  bar 
without  any  apprehension  that  it  would  be  re-formed.  Some  dredging 
was  done  in  the  years  1871,  1872,  and  1873,  from  means  furnished  by 
former  appropriations,  but  the  whole  amount  of  the  appropriation  of 
830,000,  approved  March  3, 1873,  was  expended  in  dredging  on  the  outer 
and  inner  bars,  in  the  channel  heading  up  to  the  wharves,  and  in  the 
basin  below  the  first  bridge.    A  wreck  was  also  removed. 

The  dredging  here  is  carried  on  so  as  to  make  a  depth  of  at  least  9 
feet  at  mean  low-water ;  the  mean  rise  of  the  tide  being  6.65  feet. 

The  report  of  the  assistant  engineer  superintending  the  last  year's 
operations  is  sent  herewith.  He  has  also  made  what  we  have  every 
reason  to  think  is  an  accurate  map.  The  one  I  had  made  in  1871 
proved  to  be  full  of  errors. 

The  improvement  by  dredging  during  the  past  fiscal  year  ha«  been 
very  apparent  and  gratifying  to  all  concerned.  A  very  large  increase 
was  given  to  the  capacity  of  the  basin  just  below  the  first  bridge;  a 
very  considerable  widening  and  straightening  of  the  channel  was  made 
thence  down  to  the  inner  bar,  and  so  much  of  the  inner  bar  was  removed 
that  the  least  width  of  channel  there  is  now  400  feet.  All  the  improve- 
ments on  the  inner  bar,  and  inside  of  it,  have  the  shelter  of  the  break- 
water, and  are  permanent.  It  will .  be  desirable  to  further  widen  the 
channel- way  above,  if  means  are  furnished. 
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At  the  outer  bar,  the  channel  has  been  dredged  to  a  width  of  150  feet 
and  a  depth  of  about  10  feet  at  mean  low- water.  The  breakwater  and  the 
dredging  on  the  inner  bar  have  probably  considerably  increased  the  cur- 
rent on  the  outer  bar,  and  this  will  help  to  maintain  the  dimensions  of 
the  channel  now  dredged.  The  chaunel  formerly  dredged  here  seems  to 
have  subsequently  silted  up.  It  is  very  desirable  to  gain  more  width  at 
this  place ;  but,  m  dredging  for  this  purpose,  care  should  be  taken  to  not 
carry  this  to  an  extent  that  will  cause  the  bar  to  shoal. 

With  the  recent  appropriation  and  the  funds  on  hand,  it  is  recom> 
mended  to  contiue  the  work  to  dredging  at  points  most  needed,  to  be 
carried  on  by  contract  with  the  lowest  responsible  bidder. 

The  extension  of  the  breakwater  will  some  time  hereafter  be  necessary, 
and  it  is  probable  that  a  change  of  direction  more  to  the  south  will  be 
better  than  to  continue  the  present  direction.  There  are  some  who  think 
the  effect  of  this  breakwater  may  be  to  make  the  channel  go  west  of  the 
light-house ;  but  it  is  more  probable  that,  as  it  is  extended,  the  water 
will  deepen  about  the  end  of  it,  and  tend  to  draw  the  channel  toward 
itself.  No  effect  appears  yet  to  have  been  produced  at  the  end  of  the 
breakwater.  Although  it  is  believed  that  the  channel,  after  the  im- 
provement which  the  means  at  present  available  will  allow,  will  meet 
present  wants;  yet,  as  there  are  contingencies  in  a  new  improvement  like 
this,  which  may  require  additional  dredging  after  storms,  and  a  farther 
extension  of  the  breakwater,  an  appropriation  of  $20,000  is  recommended 
for  the  next  fiscal  year. 

Brid((eport  is  in  the  Fairfield  collection-district  and  is  a  port  of  entry.  The  amoant  of 
revenue  collected  daring  the  fiscal  year  ending  June  30, 1874,  was  $^i,584.12. 

Financial  statement 

BalanceinTreasnry  of  United  states  July  1,1873 $30,000  00 

Amount  in  hands  of  officer  and  subject  to  his  check,  (including  $1,747."^  per- 
centage dne  on  contracts  not  yet  completed) 7, 120  59 

Amount  appropriated  by  act  approved  June  23,  1874 20,000  00 

Amount  expended  during  the  fiscal  year  ending  June  30, 1874 33, 197  61 

Amount  available  July  1,1874 23,922  96 

Amount  required  for  the  fiscal  year  eudiug  J une  30, 1876 20, 000  00 


Beport  of  William  W.  Starry  jr.,  Assiatant  EngtMer. 

Engineer  Office,  United  States  Army, 

Netcport,  JR,  /.,  April  30, 1874. 

General:  I  have  the  honor  to  submit  the  following  history  of  the  improvements 
made  in  the  harbor  of  Bridgeport,  Conn.,  from  the  time  I  took  charge,  in  1872,  to  the 
present  time,  with  a  report  upon  a  survey,  and  estimates  for  continuing  the  improve- 
ments. 

By  act  approved  Jnne  10, 1872,  Congress  made  an  appropriation  of  $40,000  for  con- 
tinning  the  work.  July  30,  1872,  contracts  were  entrcred  into  with  Mr.  D.  V.  Howell, 
of  New  York,  for  supplying  the  granite  necessary  for  extending  the  Jetty,  and  with  Mr. 
Sidney  F.  Shelbourne,  of  New  York,  for  dredging  in  the  bars,  and  other  points  in  the 
harbor.  August  28, 1872,  in  accordance  with  verbal  instructions  received  by  me,  I 
proceeded  to  Bridgeport,  and  took  charge  of  the  work. 

During  the  fiscal  year  ending  June  30,  1873,  Mr.  Howell  delivered  9,523  tons  of  stone, 
which  extended  the  jetty  865  feet,  making  the  tot<al  length  at  the  present  time  1,385 
feet. 

During  the  same  time,  28,303  cubic  yards  of  material  were  removed  from  the  oator 
and  inner  bars,  and  below  Cook's  Point,  giving  a  depth  of  9  to  12  feet  at  mean  low- 
water,  as  follows : 

From  outer  bar .* 5,.3l3  cubic  yards  fine  sand  and  silt. 

From  inner  bar 11, 902  cubic  yards  sand  and  coarse  gravel 

From  below  Cook's  Point 11, 088  cubic  yards  mud. 

Total 28.303  cubic  yards. 
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By  act  of  Congress  approved  Maroh  3,  1873,  $30,000  xras  appropriated  to  continne  the 
work.  A  contract  was  awarded  to  Mr.  Emory  R.  Seward,  of  Albany,  N.  Y.,  for  dredg- 
ing, be  being  the  lowest  bidder ;  but  Mr.  Seward  was  anable  to  commence  the  work 
at  the  time  reqoirwl,  and  refused  to  sign  the  contract.  The  work  was  civen  to  Messrs. 
H.  N.  &.  A.  J.  Beardsley,  of  Bridgefiort,  Conn.,  at  the  price  for  which  Mr.  Seward  was 
t«  do  it.  Part  of  the  time,  Messrs.  Beaixlsley  nsed  two  dredges.  The  work  accomplished 
daring tt^  season  ending  January  19,  1874,  may  be  summed  up  as  follows: 

From  inner  bar 3d,  919  cubic  yards  sand,  gravel,  and  cobble-stones. 

From  above  and  below  Cook's 
Point 14, 245  cubic  yards  mud. 

From  i)oint  below  Naugatuck  Rail- 
road pier 34, 294  cubic  yards  mud. 

From  opposite  docks,  inner  har- 
bor      78,293  cubic  yards  mud. 

Total 165, 751  cubic  yards. 

The  channel  through  the  outer  bar  is  now  150  feet  wide,  wi|;h  a  depth  of  10  to  12 
feet  at  mean  low-water.  Through  the  inner  bar,  abreast  of  the  outer  beacon,  (formerly 
the  narrowest  part  of  the  channel,)  the  channel  is  400  feet  wide,  with  a  depth  of  10  to 
13  feet  at  mean  low-water.  At  Cook's  Point  and  the  point  below  the  Naugatuck  Rail- 
road pier,  the  channel  has  been  widened  from  75  to  100  feet,  and  other  points  removed 
which  have  long  been  serious  obstructions  to  navigation.  In  the  inner  harbor,  where 
there  formerly  was  a  narrow  channel-wiiy  along  the  docks,  so  narrow  m  many  places 
that  a  vessel  could  not  wind  around  at  low-water,  a  portion  of  the  flats  opposite  the 
docks  has  been  removed  so  as  to  make  a  channel- way  260  feet  wide  in  the  narrowest 
part,  with  9  feet  depth  at  mean  low-water.  The  material  removed  was  at  first  dumped 
about  three-fourths  of  a  mile  west  of  the  light-house,  but  was  afterward  taken  one 
mile  due  south  of  the  lighthouse,  and  dumped  in  from  4  to  5  fathoms  of  water.  Late 
in  the  season,  the  strong  fall-winds  made  it  so  difficult  to  reach  the  dumping-ground 
without  danger  of  swamping  the  scows  that  the  material  was  again  carried  west  of 
the  light-house,  distant  one  mile,  and  dumped  as  close  to  the  shore  as  possible. 

In  April  and  May,  1873,  tidal  observations  were  made  at  the  lower  bridge  for  a  lunar 
month.  Observations  were  made  every  ten  minutes,  night  and  day.  A  box-gauge 
was  used.    Bench-marks  have  been  established,  as  follows : 

Bench-mark  No.  1.— On  the  top  of  the  southwest  corner  of  the  draw-pier  of  the  lower 
bridge.  The  point  is  marked  with  a  copper  nail,inclosed  in  a  ring  of  black  paint,>i^d 
is  7.50  feet  above  the  plane  of  mean  low-water  as  determined  by  these  observations. 

Bench-^mark  No.  2. — On  the  northeast  corner  of  the  foundation  for  a  soldiers'  monu- 
ment at  Sea-Side  Park.    This  point  is  23.39  feet  above  the  plane  of  mean  low-water. 

Bench-mark  No.  3.— On  a  plug  332.6  feet,  south  64°  25'  east  of  the  southeast  corner  of 
the  foundation  for  soldiers'  monument,  and  is  13.71  above  the  plane  of  mean  low-water. 
This  plug  was  known  as  station  1  w^est  in  the  survey  subsequently  made. 

The  elevation  of  the  bench-mark  on  the  northeast  corner  of  the  soldiers'  monument 
was  found,  after  careful  tests,  to  be  2.9  feet  less  when  compared  with  the  plane  of  mean 
low- water  than  the  elevation  given  by  Captain  Edwards  on  his  map.  Mr.  Edwards's 
mistake  doubtless  arose  from  error  in  leveling,  and  not  in  the  establishment  of  his 
plane  of  mean  low-water;  for,  so  far  as  other  comparisons  have  been  made,  our  planes 
liave  been  found  to  be  nearly  the  same. 

In  August,  1873,  while  the  work  of  improvement  was  going  on,  by  your  direction  I 
made  a  survey  of  the  harbor  from  the  lower  bridge  to  beyond  the  light-house  at  the 
entrance.  The  map,  to  a  scale  of  ^B^trjyi  accompanies  this  report,  and  shows  the  condition 
of  the  harbor  at  the  time  of  survey.  The  areas  deepened  by  dredging  are  inclosed  by 
red  lines  for  work  done  in  1871-72,  and  by  blue  lines  for  the  subsequent  work. 

Bridgeport,  with  a  population  of  about  25,<J00  inhabitants,  is  a  thriving  city,  rapidly 
growing  in  commercial  importance.  It  is  the  terminus  of  two  railroads,  and  is  on  the 
lino  of  the  New  York  and  Boston  road.  These  roads  supply  the  industries  of  many 
interior  cities  and  towns  with  fuel  and  material,  which  come  to  Bridgeport  by  water, 
and  are  there  transferred  to  the  cars.  These  places  are  consequently  dependent  to  a 
greiit  extent  upon  the  harbor- facilities  of  Bridgeport.  The  principal  obstacles  to  be 
encountered  in  entering  the  harlior  are  the  outer  and  inner  bars.  The  outer  bar  is 
about  two  miles  from  the  docks.  The  recent  improvements  here  have  given  a  channel- 
way  150  fe.^t  wide,  with  9  to  10  feet  of  water  at  mean  low-water,  wbere  there  were 
formerly  but  6  feet  at  the  same  stage  of  tide.  It  is  necessary  that  the  approach  to  a 
harbor  should  be  wide  enough  to  allow  vessels  to  beat  in,  in  case  of  head  winds,  or  to 
have  **  sea-room  "  in  thick  weather.  To  give  this  will  require  a  channel- way  throngb 
the  outer  bar  at  least  300  feet  wide,  with  a  depth  of  9  to  10  feet  at  mean  low- water.  It 
may  be  necessary  to  give  even  a  greater  width ;  so  I  have  made  an  estimate  of  the 
amount  of  material  to  be  removed  for  300, 400,  and  500-foot  channels.  To  make  a  300- 
foot  channel  will  require  the  removal  of  20,000  cubic  yards  of  sand  from  an  area  of 
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135,000  sqnare  feet.  For  a  400-foot  channel  it  will  reqairo  the  retnoval  of  45,000  cubic 
yards  from  an  area  of  235,000  square  feet.  For  a  500-foot  channel  it  will  require  the 
removal  of  70,000  cubic  yards  from  an  area  of  330,000  square  feet.  The  inner  bar  ia 
about  half  a  mile  inside  of  the  outer  bar.  The  channel-way  is  at  present  400  feet  wide, 
and  this  width  would  probably  be  sufficient  were  it  not  for  a  sharp  bend  here.  The 
current  runs  diagonally  across  the  channel,  and  vessels  entering  the  harbor  on  flood- 
tide  are  liable  to  be  carried  on  the  west  or  north  bank  of  the  channel ;  on  the  ebb-tide 
they  are  liable  to  be  carried  on  the  opposite  side.  To  remedy  this,  the  width  must  be 
materially  increased.  The  material  to  be  removed  is  sand  and  gravel.  An  estimate 
has  been  made  for  increasing  the  width  to  500  and  600  feet.  To  make  the  channel  500 
feet  wide  will  require  the  removal  of  30,000  cubic  yards  from  an  area  of  95,000  square 
feet.  To  make  tno  channel  600  feet  wide  will  require  a  removal  of  64,000  cubic  yarda 
from  an  area  of  205,000  square  feet.  The  channel  from  the  inner  beacon  to  the  Nauga- 
tuck  Railroad  pier  is,  at  the  present  time,  but  180  feet  wide  in  its  narrowest  place.  This 
should  be  widened  to  the  width  of  the  channel  above  and  below.  I  have  made  esti- 
mates of  the  amount  of  material  necessary  to  be  removed  to  make  the  channel  300, 400, 
and  500  feet  wide.  The  latter  width  is  the  maximum  width  between  the  deep  hole  at 
the  mouth  of  the  gut  and  the  Naugatuok  Railroad  pier.  To  make  the  channel  ^iOOfeet 
wide,  it  is  necessary  to  remove  56,000  cubic  yards  of  mud  from  an  area  of  220,000  square 
feet ;  to  make  the  channel  400  feet  wide,  it  is  necessary  to  remove  157,000  cubic  yards 
from  an  area  of  430,000  square  feet ;  and  for  a  500-foot  channel,  it  will  be  necessary  to 
remove  277,500  cubic  yards  from  an  area  of  770,000  square  feet. 

Above  the  Naugatuck  Railroad  pier  is  a  triangular  mud-flat  called  the  "  Flat-iron.^' 
That  part  lying  outside  of  the  new  dock-lines  should  bo  removed.  This  would  require 
a  removal  of  about  20,000  cubic  yards  of  mud  from  an  area  of  75,000  square  feet. 

The  flrst  estimates  for  the  jetty  at  the  mouth  of  the  harbor  were  for  a  wall  2,800  to 
3,600  feet  long.  At  the  present  time,  it  is  1,385  feet  long,  or  about  one-half  the  length 
of  the  first  estimate.  It  may  be  found  necessary  to  extend  the  jetty  when  the  effect  of 
the  severe  storms  of  the  past  winter  are  more  fully  known.  It  is  estimated  that  to  ex- 
tend it  600  feet  farther  will  require  9,000  tons  of  stone. 

RKCAFITUIATION  OF  ESTIMATES. 

Outer  bar : 

.300-foot  channel,  2,000  cubic  yards,  at  25  cents $5,000 

400-foot  channel,  45,000  cubic  yards,  at  25  cents 11,250 

500-foot  channel,  70,000  cubic  yards,  at  25  cents 17,500 

Inner  bar : 

500-foot  channel,  30,000  cubic  yards,  at  25  cents 7,500 

600-foot  channel,  64,000  cubic  yards,  at  25  cents 16,000 

Between  the  inner  beacon  and  Naugatuck  Railroad  pier  : 

300-foot  channel,  56,000  cubic  yards,  at  18  cents 10,  Ol^ 

400-foot  channel,  157,000  cubic  yards,  at  18  cents 28, 160 

500-foot  channel,  277,500  cubic  yards,  at  18  cents 49,950 

Flat-iron,  20,000  cubic  yards,  at  18  cents 3,600 

Jetty,for9,000tonsof  stone,  at$3 27,000 

SUMMARY  OF  ESTIMATES. 

Outer  bar |l7,5O0 

Inner  bar 16,000 

Between  inner  beacon  and  Naugatuck  pier 49,950 

Flat-iron 3,600 

Jetty 27,000 

114,050 
Superintendence  and  contingencies 12,000 

Total "l26,060 

Very  respectfully, 


Gen.  G.  K.  Warren, 

Major  of  Engineers^  U.  S.  A. 


Wm.  W.  Stabr,Jr. 


X  ig. 

NORWALK  RIVER,  CONNECTICUT. 

At  tlie  date  of  my  ast  annual  report  (August  30,  1873)  dredging  vras 
in  progress  in  this  river  under  the  appropriation  of  flO^OOO,  approved 
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March  3, 1873.  This  work  continaed  until  the  8th  of  October,  when  the 
appropriation  was  exhansted.  The  total  anioaut  removed  during  the 
pa«t  fiscal  year  is  19,985  cubic  yards,  cutting  a  channel  60  feet  wide  and 
6  feet  deep  at  mean  low-water,  and  extending  from  the  head  of  the 
channel  dredged  in  1872  toward  Norwalk. 

The  object  of  the  work  in  this  river  is  to  obtain  a  channel  of  6  feet 
depth  at  low-water  from  the  mouth  of  the  river  to  the  Norwalk  docks. 

The  work  already  done  has  carried  this  channel  from  a  point  1,000 
feet  above  the  Dan  bury  and  Norwalk  Bailroad  docks  to  a  point  600  feet 
from  the  Norwalk  docks ;  and  under  the  present  appropriation  it  is  pro- 
posed to  complete  this  channel,  and,  with  whatever  remains,  to  excavate 
the  channel  both  above  and  below  the  Washington  Bridge  to  a  depth  of 
6  feet  and  width  of  about  80  feet.  The  rise  of  high  tide  above  mean 
low-water  averages  over  7  feet,  and  the  completion  of  the  ensuing  year's 
work  will  make  a  high- water  draught  of  11  feet  available  to  the  Nor- 
walk docks. 

In  order  to  realize  the  full  effeet  of  the  work  already  done,  and  to 
complete  the  project  for  improvement  planned  upon  the  survey  of  1871, 
it  will  be  necessary  to  make  the  channel  60  feet  wide  and  6  feet  deep 
at  mean  low-water,  from  Gregoi^'s  Point  to  Norwalk.  This,  it  is  esti- 
mated, can  be  done  for  $10,000,  and  this  amount  is  recommended  for 
the  fiscal  year  ending  June  30, 1874. 

Since  my  last  annual  report  this  work  has  been  under  the  superin- 
tendence of  W.  W.  Starr,  jr.,  assistant  engineer. 

Norwalk  ifi  in  the  Fairfield  collection-diBtrict.  The  nearest  port  of  entry  is  Bridflre- 
port.  The  anion nt  of  revenue  collected  there  during  the  fiscal  year  ending  June  30, 
1874,  was  13,584.12. 

Financial  statement 

Balance  in  Treasury  of  Unitod  States  July  1, 1873 $5, 000  00 

Amount  in  hands  of  officer  and  subject  to  his  check 5,006  41 

Amount  appropriated  by  act  approved  June  23,  1)574 10,000  00 

Amount  ex  pended  during  the  nscal  year  ending  June  30, 1874 10, 000  00 

Amount  available  July  1,  1874  .,.. 10,000  00 

Amount  required  for  the  fiscal  year  ending  June  30, 1876 10, 000  00 


JRepori  of  WVliam  W.  Starr,  jr.y  AstUtant  Engineer. 

Engineer  Office,  Unfted  States  Army, 

Netpport,  E.  /.,  Majt  1, 1874. 

General:  I  have  the  honor  to  submit  the  following  report  of  operations  on  the  im- 
provement of  Norwalk  River,  Connecticut,  during  the  past  season,  and  an  estimate 
for  continuing  the  improvements.  Accompanying  this  report  is  a  sketch  showing 
where  the  work  was  done. 

By  act  of  Congress  approved  March  3^  1673,  $10,000  was  appropriated  for  this  work. 

Hay  6, 1873,  a  contract  was  made  with  Mr.  Emory  R.  Seward,  of  Albany,  N.  Y., 
to  do  the  dredging,  at  45  cents  per  cubic  yard.  July  7,  Mr.  Seward  commenced  where 
work  had  been  stopped  when  the  previous  appropriation  was  exhausted,  at  the  point 
marked  A  on  the  sketch. 

October  8,  the  last  appropriation  was  exhausted,  and  work  was  stopped  nearly 
opposite  Smith's  dook  at  Norwalk,  and  is  shown  on  the  sketch  at  the  point  B. 

Mr.  Seward  removed  19,895  cubic  yards  of  mud,  gravel,  and  bowlders,  some  of  the 
latter  weighing  nearly  a  ton  each.  The  channel  was  made  60  feet  wide  and  6  feet 
deep  at  mean  low-water,  and  was  extended  1,480  feet  beyond  the  work  of  the  previous 
season,  and  toward  the  stone  bridg^e. 

The  material  removed  was  carried  from  three  and  a  half  to  four  miles  and  dumped 
in  a  deep  hole  at  the  mouth  of  the  river.  The  area  deepened  by  dredging  uuder  the 
previous  appropriation  is  inclosed  on  the  sketch  by  full  red  lines.  The  work  done 
daring  the  past  season  is  shown  in  colors  for  each  month's  work. 

To  obtain  the  full  benefit  of  the  work  already  done,  it  is  necessary  that  the  work  of 
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ixnprovemeDt  should  continue.  Estimates  of  the  amount  of  material  to  be  removed 
and  the  cost  are  therefore  submitted. 

To  make  the  chauuel  60  feet  wide  and  6  feet  deep  at  mean  low-water  between 
Gregory^s  Point  and  the  Washington-street  bridge,  'will  require  the  removal  of  10,880 
cubic  yards*.of  mud  from  au  area  of  110,000  square  feet. 

To  make  the  channel  60  feet  wide  irom  the  Washington-street  bridge  to  opposite  the 
Danbury  and  Norwalk  Railroad  docks  at  South  Norwalk  will  require  the  removal  of 
6,520  cubic  yards  of  mud  from  an  area  of  48,000  square  feet.  To  make  the  channel  60 
feet  wide  from  the  Danbnry  and  Norwalk  Railroad  dock  to  W.  Jennings's  wharf  will 
require  the  removal  of  15,000  cubic  yards  of  mud  from  an  area  of  52,000  square  feet. 
To  make  a  60-foot  channel  6  feet  deep  through  the  ^'  Middle  Ground  "  below  the  stone 
bridge  will  require  the  removal  of  12,500  cubic  yards  of  sand  and  gravel,  w^ith  occa- 
sional bowlders,  from  an  area  of  33,000  square  feet. 

RECAPITULATION  OP  ESTIMATES. 

From  Gregory's  Point  to  Washington-street  bridge 10, 880  cubic  yards' 

From  Washington- street  bridge  to  Danbury  and  Norwalk  Railroad 

dock 6, 520  cable  yarda. 

From  Danbury  and  Norwalk  Railroad  dock  to  Jennings's  wharf. ..  15, 000  cubic  yards. 

Through  the  Middle  Ground 12,500cabi6yaids. 

SUMMARY  OP  ESTIMATES. 

10,880  cubic  yards  from  below  bridges,  at  20  cents  .... $2,176 

21,520  cubic  yanls  to  Jennings's  wharf,  at  30  cents 6,456 

12,500  cubic  yards  from  Middle  Ground,  at  50  oeiite 6,250 

Add  superintendence  and  contingencies 1,500 

Total : 16,382 

Very  respectfully, 

W.  W.  Starr,  Jr., 
Asnstant  in  charge  of  Norwalk  Harbor  JmprocemmU, 
Bvt.  Maj.  Gen.  G.  K.  Warren, 

Major  of  JSngineers,  U.  8,  A. 


X    20. 

PORT  JEFFERSON  HARBOR.  LONG  ISLAND.  NEW  YORK. 

The  funds  available  at  the  beginning  of  the  tlscal  year  jast  closed  were 
about  $1,700.  It  was  at  first  thought  best  to  try  plowing  up  this  bar 
to  aid  the  eflFect  of  the  current,  but  the  amount  was  too  small  to  expect 
much  good  effect,  and  so  it  was  thought  best  to  reserve  the  fund  till 
more  was  added  to  it. 

This  June  we  made  another  survey,  to  ascertain  the  changes,  if  any, 
that  had  taken  place  \  this  was  made  by  Mr.  Babcock,  and  his  map  is 
transmitted  herewith.  It  shows  clearly  that  the  breakwater  has  thus 
far  accomplished  the  object  intended,  and  given  a  permanence  to  the 
position  of  the  entrance;  for  there  is  no  positive  change  in  it  during  the 
past  year.  Such  filling  at  places  as  has  taken  place  was  expected,  bat 
the  depth  over  the  bar  is  not  materially  different.  The  previous  surrey 
seemed  to  show  a  slight  increase  in  depth,  but  it  is  not  confirmed  by  the 
last  survey,  and  the  differences  are  probably  owing  to  some  slight  varia- 
tions on  the  plane  of  water-surface  at  the  different  times  when  sound- 
ings were  taken.  It  is  not  recommended  to  do  anything  with  the  means 
on  hand,  but  to  reserve  it  for  surveys  and  for  contingencies  that  may 
arise  here. 

It  would  be  a  valuable  improvement  if  completed  as  designed,  and 
the  foundation  of  the  work  is  well  established. 

An  appropri^ition  of  $35,000  for  continuing  this  work  is  recommended 
This  will  be  mainly  required  for  dredging.    It  will  be  seen  by  lookiu^ 
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at  my  former  reports  that  this  bar  is  formed  by  the  stones  brought 
along  the  shore  from  Mount  Misery  to  the  east  of  it.  Tliese  are  as 
large  as  paving-stones,  and  many  are  composed  partly  of  iron,  so  as  to 
be  nearly  one-half  heavier  than  ordinary  stones.  They  resist  a  current 
of  eight  to  twelve  miles  an  hour.  If  removed  from  the  channel,  the 
breakwater  will  prevent  others  from  being  brought  into  it,  and  the  depth 
m\\  remain*  An  extension  of  the  breakwater  somewhat  will  ultimately 
be  required,  but  this  could  be  avoided  beyond  the  present  9-foot  curve 
if  tbe  base  of  Mount  Misery  was  protected  by  stone  from  abrasion  by 
the  waves. 

Port  Jefferson  is  in  the  New  York  City  ooUection-distriot,  and  New  York  City  is  the 
nearest  port  of  entry. 

The  amonnt  of  revenue  ooUected  there  daring  the  iisoal  year  ending  June  30,  1874, 

is . 

Financial  statement 

Amount  in  hands  of  ofiQcer  and  subject  to  his  check $1, 713  95 

Amount  expended  during  the  fiscal  year  ending  June  30, 1874 204  01 

Amount  available  July  1,  1874 1,509  94 

Amount  required  for  the  fiscal  year  ending  June  30, 1876 35, 000  00 


X  21. 


PECONIC  RIVER,  LONG  ISLAND,  NEW  YORK. 

At  the  time  of  my  last  annual  report  the  dredging  of  a  channel,  to  be 
55  feet  wide  and  6  feet  deep  at  mean  low-water,  was  being  actively 
prosecuted,  under  a  contract  made  with  M.  F.  Brainard,  of  Albany,  K  Y. 

Tbe  amonnt  available  for  the  work  on  the  1st  of  July,  1873,  was 
813,949.18.  There  was,  besides,  an  appropriation  of  $5,000  for  this  im- 
provement, made  by  the  State  of  New  York. 

We  began  our  work  just  below  Indian  Island,  where  there  had  always 
been  a  depth  of  6  feet  at  mean  low-water,  and  carried  it  on  continuously 
till  our  means  were  exhausted.  The  cut  we  had  made  is  8,520  feet  long, 
and  the  amount  of  material  removed  60,045  cubic  yards. 

There  is  left  a  space  of  2,500  feet  still  in  its  natural  condition,  with  a 
mean  low-water  depth  of  only  2^  feet  before  reaching  the  channel  we 
made  (extending  up  to  Riverhead)  in  1871. 

The  work  in  1871  was  through  a  very  shoal  part  of  the  head  of  the 
river,  and  was  made  25  feet  wide  and  4  feet  deep  at  mean  low- water. 

During  the  progress  of  the  work  in  the  last  fiscal  year  (the  season  of 
1873)  we  found  that  our  means  would  not  allow  us  to  make  the  chan- 
nel 55  feet  wide  all  the  way  up,  because  the  original  estimate  was  too 
small  in  amount  of  material  to  be  removed,  owing  to  the  mean  low- water 
plane  having  been  taken  too  high,  and  owing,  besides,  to  the  contract- 
price  exceeding  that  first  estimated.  We  therefore  meant  to  make  a 
narrower  channel,  so  as  to  make  it  extend  the  whole  length  of  the  river. 
This  course  was  opposed  by  those  having  charge  of  the  expenditure  of 
the  $5,000  Irom  the  State  of  New  York,  as  they  concluded  that  with 
this  means  they  could  make  the  desired  extension  of  the  channel  them- 
selves. 

When  the  contractor  for  doing  this  State  work  was  about  to  begin, 
after  our  operations  had  closed,  it  was  discovered  that  the  State  appro- 
priation was  not  available,  and  nothing  more  was  done  that  season. 

In  the  last  annual  report  I  made  no  estimate  of  funds  for  continuing 
the  work  through  the  fbscal  year  beginning  July  1, 1874^  for  I  thought 
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sufficient  had  already  been  appropriated.  Besides  the  cost  of  the  surrey 
in  1870,  the  United  States  have  appropriated  $25,000  for  this  improve- 
ment. 

How  far  I  am  called  upon  to  decide  upon  the  continuation  of  a  public 
improvement  is  questionable,  but  I  do  not  feel  justified,  on  ground  of 
national  necessity,  in  recommending  any  further  appropriation  here. 

We  estimate  that  about  $15,000  additional  will  carry  the  channel,  55 
feet  wide  and  6  feet  deep  at  mean  low-water,  up  to  a  place  calle<l  Mer- 
ritt's  Bay,  a  distance  of  3,500  feet;  that  $10,000  would  make  two 
cuts  through  this  distance  6  feet  deep  and  50  feet  wide,  by  throwing  the 
•  sand  alongside  the  channel ;  and  that  $5,000  would  make  a  single  cut, 
say  25  feet  wide  and  6  feet  deep,  throwing  the  material  over  alongside 
the  channel.  This  latter  has  been  done,  with  the  appropriation  of  that 
amount  from  the  State,  during  the  present  season. 

I  submit,  herewith,  a  report  and  map,  showing  the  present  condition 
of  the  Peconic  River,  prepared  by  my  assistant  engineer,  Mr.  John  H. 
Dager,  who  superintended  the  dredging  during  the  past  year.  Mr.  H. 
S.  Van  Ingen,  assistant  engineer,  superintended  the  work  done  in  1871, 
and  prepared  a  map  of  the  part  then  improved,  so  that  there  are  now 
on  the  files  of  the  office  of  the  Ohief  of  Engineers  the  map  of  survey  made 
in  1870,  another  showing  the  river  as  improved  in  1871,  and  this  last  one 
showing  the  river  as  left  by  the  improvement  made  in  1873.  These  may 
be  useful  some  future  day  in  studying  the  effect  of  time  upon  such 
dredging-operations. 

Peconic  River  is  in  Sag  Harbor  collection-district  The  nearest  port  of  entry  is  Ssig 
Harbor.  The  amount  ofrevenue  collected  during  the  fiscal  year  ending  June  30, 1874| 
was  $945.25. 

Financial  statement. 

BalanoeinTreasnryof  United  States  July  1,1873 $10,000  00 

Amount  in  hands  of  officer  and  subject  to  his  check,  (including  $522.50  per- 
centage due  on  contracts  not  yet  completed) 4,471  68 

Amount  expended  during  the  fiscal  year  endiug  June  30, 1874 14, 061  24 

Amount  available  July  1, 1874 410  44 


Report  of  Mr,  John  H,  Dager,  Assiatant  Engineer, 

Ekginbsr  Office,  UKrrRD  States  Army, 

Newporiy  B,  /.,  December  12, 1873. 

General  :  I  have  the  honor  to  make  the  following  final  report  on  operations  for 
improving  the  Peconic  River,  Long  Island,  New  York,  during  the  year  1873: 

Charge  of  the  work  was  assigned  to  me  by  your  letter  of  instructions  dated  March 
15,  1873.  The'  amount  of  funds  available  at  that  time  was  $20,000 ;  $10,000  having 
been  appropriated  by  act  of  Congress  approved  June  10,  1872,  and  the  remaining 
$10,000  by  an  act  approved  March  3, 1873. 

Two  contracts  were  made  with  Mr.  Morris  F.  Brainard,  of  Albany,  N.  T.,  for  the  expend- 
iture of  these  appropriations  by  dredging  in  the  channel  of  tliis  river ;  the  first,  at 
the  rate  of  24  cents  per  cubic  yard  of  material  removed ;  the  second,  for  a  similar  pur- 
pose, but  a  rate  of  34  cents  per  cubic  yard. 

Work  was  commenced  by  the  contractor  in  April,  immediately  below  Indian  Island, 
and  prosecuted  without  interruption  until  the  funds  were  exhausted. 

A  channel  averaging  55  feet  in  width  at  bottom,  with  such  side  slopes  as  an  Osgood 
dredge  will  leave,  was  made  from  the  place  of  beginning  to  a  point  above  the  month 
of  Mud  Creek,  excepting  for  a  distance  of  550  feet,  where  there  was  a  sufficient  width 
and  doi)th  of  water,  making  in  all  a  cut  8,520  feet  long,  and  as  near  6  feet  deep  at 
mean  low-water  as  was  possible. 

The  material  removed  cousiHted  of  mud  and  sand,  combined,  in  most  places,  but  in 
some  separate,  and  with  an  occasional  vein  of  gravel  and  iron  crossing  the  channel. 
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At  the  end  of  each  mouth  a  sketch  was  sent  yon,  showing  the  location  of  the  work 
dariog  tliat  time. 

All  the  material  removed  was  towed  in  scows  into  the  large  cove  on  the  north  shore 
of  the  river,  below  Indian  Inland;  it  was  measured  in  the  scows,  and  in  amount  each 
month  was  as  follows : 

Cnbio  yards. 

April,  1873 3,725 

May,  1873 8,252 

Jaue,l':i73 9,794 

July,  1873 11,628 

August,  1873 3,004 

September,  1873 11,232 

October,  1873 6,560 

November,  1873 5,KiO 

Total  number  of  cubic  yards  removed 60,045 

This  amount  exceecls  the  amount  estimated  in  previous  reports  as  necessary  to  re- 
move from  this  portion  of  the  river.  The  greater  part  of  this  difference  is  due  to  the 
difference  in  the  low-water  planes  used.  This  is  explained  as  follows  :  The  soundiugs 
made  in  1871  were  reduced  to  mean  low- water  established  from  tide-readings  made  in 
November  and  December,  at  Teiry  &  Wells's  dock,  at  the  head  of  the  river,  where  the 
river-bottom  was  nearly  bare  at  low- water,  and  where,  were  it  not  for  the  river-water, 
it  would  have  been  entirely  dry.  Siuce  the  channel  was  dredged  in  1871,  near  the 
docks,  the  adjacent  flats  are  dry  some  time  before  low-water,  showing  that  previous  to 
this  improvement  there  was  quite  a  descent  to  the  river-surface  at  low- water,  and 
hence  the  former  low-water  plane  at  Terry  &  Wells's  dock  was  not  applicable  to  the 
tidal  level  which  the  improvement  introduced.  This  explanation  is  necessary,  because 
the  bench-mark  established  in  1871  was  destroyed  by  fire,  and  no  direct  comparison 
could  be  made.  The  contract  price  was  also  in  excess  of  the  estimated  cost,  which 
together  with  the  increase  in  quantity  T>r*»vioimly  explained  prevented  the  work  being 
extended  as  far  up  the  river  as  was  anticipated. 

It  was  contemplated  at  one  time  to  couuue  our  work  to  a  narrower  chaunel,  say,  of 
one  cut  of  25  feet  in  width,  and  throw  the  material  to  one  side  of  the  dredge,  so  as  to 
make  a  continuous  channel  up  to  the  one  made  in  the  npper  part  of  the  river  in  1871; 
but  this  course  was  opposed  by  the  people  because  there  was  an  appropriation  of 
$5,000  from  the  State  of  New  York  with  which  to  continue  the  improvement  of  the 
river,  and  this  would  have  been  sufficient  to  make  this  narrow  channel  between  where 
we  left  oft*  and  the  previous  one  in  1871. 

After  the  exi>euditure  of  the  United  States  appropriation,  a  contract  waa  entered 
into  by  the  committee  iu  charge  of  these  State  fuuds  for  the  expenditure  of  the  sauie ; 
but,  before  work  was  commenced,  it  was  found  that  there  was  no  certainty  as  to  the 
time  when  the  contractor  could  get  his  pay,  owing  to  some  informality  in  the  act  of 
appropriation  ;  consequently  the  contract  was  annulled. 

A  continuation  of  the  channel  (the  same  width  and  depth  as  we  have  been  making) 
up  to  the  point  marked  x  on  the  map,  at  the  west  end  of  Merritt's  Bay,  a  distance  of 
3,rj00  feet,  would  require  the  removal  of  39,000  cubic  yards,  and  would  cost  (if  towed 
away)  $15,000,  or,  if  thrown  over  from  the  dredge  alongside  the  channel,  $10,000.  I 
think  a  channel  25  feet  wide,  made  by  throwing  the  material  aside,  and  costing  $5,000, 
would  be  amply  sufficient  for  the  small  amount  of  trade  by  water ;  and  in  view  of  what 
has  been  done  by  the  General  Government  already  for  the  interests  of  the  few  business 
men  in  Riverhead,  they  should  complete  the  work  by  subscription. 

Tide-gauges,  for  the  establishment  of  mean  low-water,  were  located  as  follows :  One 
below  the  mouth  of  Saw-Mill  Creek,  fastened  to  a  pile  driven  near  the  north  shore  of 
the  stream.     (See  map.)    Another  was  placed  at  Howell's  dock. 

Simultaneous  readings  were  taken  on  these  gauges  from  June  7  to  June  26,  1873, 
ioelusive. 

For  the  establishment  of  mean  low-water,  the  readings  for  fifteen  consecutive  days 
▼ere  nsed,  and  give  it,  on  the  gauge  at  Howell's  dock,  at  0.7  foot.  The  mean  rise  and 
fall  of  tide  on  this  gauge  is  2.70  feet. 

Mean  low-water,  on  gange  below  Saw-Mill  Creek,  came  at  2.15  feet,  and  the  mean 
rise  and  fall  was  2.9  feet ;  zero,  on  this  gange  by  levels,  is  1.36  feet  lower  than  zero  ou 
gauge  at  Howell's  dock.    The  slope  of  water  between  gauges  is  0.09  foot. 

Soandings  were  reduced  to  the  plane  of  mean  low- water,  established  from  my  obser- 
vations, up  to  the  west  end  of  Merritt's  Bay,  marked  x  on  map;  and  for  the  reduction 
of  those  above  readings  were  taken  on  a  tempprary  gauge  at  Terry  &  Wells's  dock. 
,  In  connection  with  this  report,  I  submit  tabulated  high-water  and  low-water  read- 
ings taken  on  the  above-mentioned  gauges;  also  duplicate  maps  extending  from  below 
Indian  Island  to  the  bridge  at  Riverhead,  and  showing  the  improvement  made  this 
season,  made  from  a  survey  taken  in  December,  and  plotted  to  a  scale  of  74V7.  Con- 
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tour-lines  of  planes  of  0,  2,  4,  and  6  feet  are  respectively  shown  by  these  colors,  viz, 
black,  purple,  burnt  sienna,  and  green. 

The  monthly  work  is  shown  in  order  by  colors,  as  follows:  April,  1873,  raw  sienna; 
May,  1873,  indigo-blue ;  June,  1873,  H.krs  green  ;  July,  1873,  carmine ;  August,  1873, 
ch.  yellow ;  September,  1873,  ch.  vermilion ;  October,  1873,  bt.  sienna ;  November,  1673, 
bt.  umber. 
Soundings  are  reduced  to  mean  low- water,  and  are  expressed  in  feet  and  tenths. 
The  following  bench-marks  were  established,  referring  to  mean  low-water :  Top  of 
facing  stone  of  the  south  side  of  the  cellar-stairs  of  the  store  of  Skidm<M«  &  Vail  i» 
8.9  feet  above ;  northwest  corner  of  Howell's  dock  is  3.2  feet  above. 
Very  respectfully, 

John  H.  Dagrr. 
Gen.  G.  K.  Warrkx, 

Major  of  Engineer's,  U.  S.  A. 


Table  of  high-water  and  loic-icater  readitiga    taken  on  gauge  at  HowelVs  d^ok,  Peconie 

Jiiver,  Long  Island. 


Jnoe  7. 
Jane  H . 
June  9 . 
June  10 . 
Jane  1 1  . 
June  12 . 
June  13 . 
June  14  . 
June  15 . 
June  16 . 
June  17  . 
June  18  . 
June  19  . 
Jane  20. 
June  21  . 
June  22  . 
Jane  23 . 
June  24 . 
Jone  25 . 
June  26 . 


Date. 


1873. 


Time. 


9.25 

a.ni. 

10.18 

funi. 

11.10 

a.m. 

11.35 

ft.nu 

12.30 

p.  m. 

1.15 

p.ni. 

2155 

p.  m. 

4.10 

p.m. 

4.45 

p.m. 

5.25 

p.  m. 

5.35 

p.  ni. 

a  15 

p.  m. 

6.55 

p.  m. 

8.00 

aro. 

9.05 

a.m. 

10.10 

a.ni. 

11.15 

a.  m. 

12.30 

p.  m. 

12.50 

p.  m. 

1.45 

p.  m. 

Hlgb-water. 


Time,      i  Low-water. 


feet 
3.5 
3.4 
3. 2  J 

a6i 

3.8^ 

3.0i 

3.0 

3.4i 

3.3 

3.U 

aej 

3.8 

3.8 

3.3 

3.1i 

3.1 

3.1 

3.2 

3.2* 

2.8 


Feet. 


3. 20  p.  m. 

1.2i 

4. 12  p.  ni. 

1.3 

5. 10  p.  ro. 

l.I 

6. 10  p.  m. 

0.-J 

7.30  p.m. 

a  I 

a30  a.m. 

0.8i 

9. 25  •.  m. 

0.H 

10. 30  a.  ro. 

a? 

11.20  a.m. 

0.6* 

li  10  p.  m. 

an 

12. 30  p.  m. 

0.5 

1. 15  p.  m. 

0.6| 

2. 00  p.  m. 

0.7 

3  00  p.m. 

a7t 

-3. 55  p.  m. 

0.8 

4. 30  p.  m. 

0.6 

5.05  p.m. 

as 

6.  IS  p.  m. 

1.1 

7. 15  a.  m. 

a? 

8. 90  %.  m- 

ad 

Note.— The  ofltablishment  of  mean  low-water,  by  the  use  ot  any  fifteen  oouaecative  readings,  comoi 
at  0.7  foot  on  frau^^p. 
Mean  rine  and  fall  of  tide,  2.7  feet. 


Table  of  high-water  and  low-ivattr  readings  taken  on  gauge  below  Saw-Mill  Creek,  Pecotiie 

River,  Long  Island. 


Bate. 


June  7 . 
June  8. 
June  9. 
June  10. 
Juno  11. 
June  12. 
Juno  13. 
Juno  14. 
Juno  15. 
,  Juno  16. 
Jnno  17. 
Juno  18. 
June  in. 
J  un(>  20 . 
June  21 . 
June  22. . 
June  23.. 
June  24. , 
June  25.. 
June  26. . 


1873. 


Time. 

High-water. 

Time. 

Low-waUM 

9. 95  a.  m. 

5.0 

3. 35  p.  ni. 

S.4 

la  05  a.  ni. 

.5.2 

4.  20  p.  m. 

4  4J 

10.  45  a.  m. 

4.8 

5. 15  p.  m. 

HM 

11.15  a.  ni. 

5.1 

5.50  p.iu. 

12 

11.  45  a.  m. 

4.7 

a  45  p.  m. 

1.5 

1. 10  p.  m. 

4.8 

7.  45  a.  m. 

1.6 

2.  05  p.  m. 

4.9 

8.  40  a.  m. 

2.1 

2.  55  p.  m. 

5.1 

9. 30  a.  m. 

2.1* 

3.  50  {).  ni. 

5.2 

la  20  a.  ni. 

2.3 

4.  50  p.  ni. 

5.2 

11.00  a.m. 

2Ll 

5.  35  p.  ni. 

5.1 

11. 50  a.  m. 

1.9 

6.  05  a.  ni. 

5.14 

12.30  p.m. 

211* 

6.  55  a.  in. 

4.9 

1.20  p.ni. 

3.2 

7.  45  a.  m. 

4.H 

2. 15  p.  m. 

2^1* 

a  25  a.  ra. 

4  9i 

3. 10  p.  m. 

au* 

9.15  a.m. 

4.9 

3.55  p.  m. 

10. 00  a.  ra. 

5.0 

4. 45  p.  m. 

s.4 

la  .50  a.  m. 

4.9 

5. 40  p.  in. 

9.3 

11.45  a.m. 

4.8i 

fi.30  p.m. 

2.2* 

12. 35  p.  m. 

5.0 

7.85  a.m. 

SLI 
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T^able  of  high-water  and  1oio*icater  readings  taken  on  gauge  beloic  Saw-Mill  Creekf  Peconic 
Hiver,  Long  Island — CoDtinued. 


Date. 


1873. 

July  6. 

Jaly  7, 

Juir  6. 

July  9 

July  10, 

July  11. 

July  19 

July  13 

July  14 

July  15 

July  16. 

July  17 

July  Id. 

July  19. 

Julv  20 

July  91. 

July  92 

July  23 

July  94 

July  25 

July  26 

July  97 

July  28 

July  99 

July  30. 

July  31, 


Time. 

9.20 

a.m. 

10.00 

a.m. 

10.45 

a.m. 

11.30 

a.m. 

12.90 

p.  no. 

1.95 

p.m. 

2.10 

p.  m. 

aoo 

p.ni. 

3,50 

p.m. 

4.45 

p.  ID. 

5.30 

p.ai. 

6.10 

p.  m. 

7.00 

a-m. 

8.00 

a.m. 

9.00 

a-m. 

9.55 

a.  m. 

10.45 

a.iii. 

12.15 

p.  m. 

1.00 

p.  ra. 

1.25 

p.  m. 

2  10 

p.m. 

3.00 

p.  m. 

3.35 

p.m. 

4.20 

p.m. 

5.10 

p.  m. 

6.00 

p.m. 

High-yrater. 


Fe€t. 
4.8* 
4.9 
5.0 
5.U 
5.0 
5.5 
4.9 
4.8* 
4.8 
5.1 
5.6 
5.2 
6.0 
5.4 
5.2 
5.1 
4.8 
4.8 
4.6 
4.8 
4.9 
4.6 
4.8 
4.9 
4.9 
5.0 


Time. 

Low-water. 

JFVttrt. 

3. 35  p.  m. 

2.3 

4.30  p.m. 

2.1* 

5. 10  p.  m. 

9.2 

6. 00  p.  m. 

9.3 

8.50  a.m. 

9.1 

7. 40  a.  m. 

9.3 

7. 25  a.  m. 

1.9 

9.90  a.m. 

1.8 

10. 25  a.  m. 

1.5 

11.30  a.m. 

1.7 

12.10  p.m. 

1.8 

1.00  p.m. 

9.8 

1.35  p.  m. 

3.8 

2. 20  p.  m. 

9.5 

3. 30  p.  m. 

2.4 

4.  45  p.  m. 

2.9* 

5. 55  p.  m. 

i.r 

6.45  p.m. 

1.8 

7. 90  a.  m. 

1.9 

8.00  a.m. 

2.0 

8. 50  a.  m. 

2.1* 

9. 30  a.  ra. 

1.2 

10. 10  a.  m. 

1.9 

10. 50  a.  m. 

9.0 

11.40  a.m. 

3.1* 

12. 20  p.  m. 

9.3 

XoTB.— Mean  low-water  comes  at  2.15  feet  on  fraiige.  and  Ih  8.9  feet  below  top  of  facin^-ntone  of  tho 
aputh  aide  of  cellar-stairs  of  the  store  of  Skidmore  &.  Vail.    Mean  rise  and  fall  of  tide,  2.9  feet. 


X   22. 


SURVEY  OF  WOOD'S  HOLE,  MASSACHUSETTS. 

[Report  submitted  December  31, 1873,  and  printed  as  part  of  li.  Ex 
Doc.  84,  Forty-tbird  Congress,  first  session.] 

This  is  one  of  the  surveys  directed  by  the  aet  for  improvement  of 
rivers  and  harbors,  approved  Miirch  3, 1873,  which  has  been  intrusted 
to  me. 

The  immediate  conduct  of  it  I  gave  to  my  assistant  engineer,  Mr.  J. 
P.  Cotton,  who  has,  with  the  aid  of  other  assistants,  made  the  survey 
very  thorough,  and  has  prepared  a  map  on  a  scale  of  200  feet  to  the 
inch  ;  he  has  also  prepared  a  full  report  with  estimates  for  improvement 
required. 

The  term  "Hole"  on  this  part  of  the  Coast  was  applied  by  the  first 
navigators,  generally,  to  a  shelter  or  harbor,  and  not  to  a  passageway. 
The  term  was  similarly  employed  by  the  trappers  in  the  Rocky  Mouut- 
ains.  Thus  we  have  in  the  Vineyard  Sound,  "  Holmes's  Hole,"  "  Wood's 
Hole,"  and  "liobinson's  Hole,''  and  in  the  far  West  such  sheltered  places 
among  the  mountains  as  "Ogden's  Hole,"  "Pierre's  Hole,"  and  the  like 
Sometimes  it  happens  that  the  "  Hole"  is  mainly  a  passage-way  or  straits 
as  in  the  case  of  Quick's  Hole,  one  of  the  straits  connecting  Buzzard',. 
Bay  w^ith  Vineyard  Sound,  and  sometimes  it  is  only  a  harbor,  as  is  the 
ca.se  with  Holmes's  Hole. 

Wood's  Hole,  as  a  deep  harbor  in  Vineyard  Sound,  is  quite  distinct  from 
the  strait  connecting  it  with  Buzzard's  Bay.  But  the  term  is  now  gen- 
erally applied  to  this  strait  as  well  as  to  the  harbor,  and  as  this  is  the 
place  where  the  improvement  is  required  it  is  the  part  where  the  survey 
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has  been  made  with  greatest  care.    In  speaking  of  it  hereafter,  the  term 
"Hole"  will  be  used  by  me  as  referring  specially  to  the  strait 

Wood's  Hole,  then,  separates  from  the  main-land  the  chain  of  islands 
known  as  the  Elizabeth  Islands,  lying  between  Buzzard's  Bay  and  Vine- 
yard Sound.  The  length  of  this  chain  of  islands  is  about  twenty  miles. 
The  main  island,  next  to  Wood's  Hole,  (Naushon  Island,)  is  separated 
from  its  neighbor  (Pasque  Island)  by  Robinson's  Hole.  This  passage  is 
narrow  and  obstructed.  Pasque  Island  is  separated  from  the  next  island 
to  the  west  (Nashawena  Island)  by  the  broad  and  deep  strait  known  as 
QuickCs  Hole.  !Nashawena  Island  is  separated  from  Cuttyhunk  Island 
by  another  very  narrow  passage. 

Besides  the  serious  obstructions  at  Wood's  Hole,  which  will  be  de- 
scribed further  on,  it  is,  in  common  with  the  other  straits  between  the 
Elizabeth  Islands,  but  in  a  more  marked  degree  than  the  others,  ren- 
dered difficult  of  navigation  on  account  of  the  two  different  derivations 
of  the  tides  which  affect  Vineyard  Sound.  One  of  these  tides  enters  at 
the  southwest  end,  between  Cuttyhunk  and  Gay  Head,  and  the  other, 
about  four  hours  later,  comes  from  the  northeast,  through  Nantucket 
Sound,  from  Monomoy  Point.  It  thus  happens  that  the  tide  from  the 
east  is  coming  in  between  three  and  four  hours  after  the  other  tide, 
which  alone  affects  Buzzard's  Bay  sensibly,  has  been  going  out.  In  the 
vicinity  of  the  Hole,  therefore,  when  there  is  a  stand  on  either  side,  it 
is  rising  or  falling  fast  on  the  other  side,  and  the  distance  through  the 
Hole  being  only  about  2,500  feet,  the  difference  of  level  quickly  sets  the 
current  in  motion  through  it,  and  there  is  scarcely  any  useful  period  of 
slack- water. 

Our  observations  at  neap-tide  show  a  head  of  water  forcing  the  cur- 
rent west,  varying  from  0  to  1.6  feet,  and  0  to  1.6  feet  in  the  opposite 
direction.  These  give  maximum  velocities  of  4.26  miles  per  hour  flow- 
ing west,  and  5.06  miles  per  hour  flowing  east,  which  approximate  to 
those  in  Hell-Gate,  in  New  York  Harbor,  where  there  is  also  a  dual 
derivation  of  the  tides. 

It  might  at  first  be  supposed  that  nothing  but  ledges  of  solid  rock 
could  have  for  ages  endured  this  unceasing  flow  of  water,  but  our  exami- 
nations only  show  us  a  hard,  compact  bowlder-clay.  The  softer  parts  of 
this  have  been  worn  away,  leaving  the  large  granite  bowlders  behind, 
until  the  latter  have  completely  covered  the  surface  of  the  mass  beneath 
in  the  shoal  places  and  prevented  further  abrasion.  These  bowlders  lie, 
however,  in  most  dangerous  proximity  to  the  water's  surface  nearly  all 
over  the  strait,  and  as  they  do  not  completely  deflect  the  current,  the 
latter  sweeps  vessels  directly  upon  them.  The  channels  (so  called,  that 
is,  the  parts  where  there  is  the  deepest  water  and  fewest  bowlders)  are 
very  crooked,  and  the  strait,  as  a  whole,  is  so  dangerous  as  to  be  useless 
to  any  sail- vessels  but  small  ones,  in  the  hands  of  pilots  familiar  with 
the  place.  Even  with  steam,  only  small  vessels  of  about  8  feet  draught 
can  pass  it  at  all  times,  and  for  them  it  is  dangerous. 

The  nature  of  the  obstnictions,  as  above  described,  presents  a  hopeful 
case  of  improvement  compared  with  the  removal  of  solid  ledg:e. 

The  bowlders  are  lying  detached,  and  can  be  grappled  and  lifted.  In 
many  cases  their  size  is  so  great  as  to  require  blasting.  With  the  re- 
moval of  the  worst  of  these  the  improvement  will  be  at  once  felt,  and  if 
it  is  continued  until  the  clayey  surface  beneath  is  uncovered,  the  latter 
can  be  dredged  at  once;  or,  if  left  to  time,  in  all  probability  the  current 
will  then  continue  to  deepen  it  until  it  is  again  protected  by  the  new 
bowlders  which  this  denuding  action  may  disclose. 

In  the  estimates  submitted,  the  smallest  one,  $5^000^  will  remove  a 
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fevf  of  the  worst  rocks  tb^t  now  interfere  with  the  running  of  the  steam- 
boats between  New  Bedford  and  Martha's  Vineyard.  Tbis  improve- 
ment will  be  of  benefit  principally  to  them.  It  is  much  more  advisable, 
however,  to  appropriate  the  $22,000  estimated  for  a  more  thorough  re- 
moval of  the  bowlders.  This  will  be  of  benefit  to  a  large  number  of 
sail-vessels,  and  a  great  deal  more  good  can  be  done  with  it,  in  its  pro- 
]K)rtion,  than  with  the  smaller  sum,  because  it  is  a  difficult  place  to  oper- 
ate in,  and  the  necessary  preparations  will  consume  a  large  part  of  the 
smaller  amount  and  leave  but  little  to  work  with.  When  adequate  prep- 
arations are  once  made,  it  is  very  desirable  to  continue  the  work  until  it 
reaches  a  satisfactory  conclusion. 

Oar  estimate  further  includes  a  larger  sum  for  continuing  the  improve- 
ment by  dredging,  and  otherwise  to  enlarge  the  passage  to  a  capacity 
adapted  to  the  use  of  our  coastwise  sailing  fleet,  whenever  it  is  advan- 
tageous to  make  the  passage  through  Buzzard's  Bay  instead  of  the  oppo- 
site portion  of  the  sound.  It  may  be  too  soon  to  begin  this  now,  but  it 
will  ultimately  be  necessary,  and  while  upon  the  subject  we  have  made 
onr  plans  complete  and  looking  toward  such  final  accomplishment.  All 
the  partial  improvements  proposed  are,  as  far  as  they  go,  directed  toward 
this  fiual  end,  while  at  the  same  time  affording  the  greatest  benefit. 

This  improvement  may  truly  be  called  a  national  one.  It  is  not  for 
the  benefit  of  the  special  locality.  It  is  for  a  navigable  highway  uniting 
two  large  bodies  of  navigable  water  extensively  used  by  the  commercial 
vessels  of  the  United  States,  and  when  thoroughly  improved  it  will  tend 
greatly  to  a  saving  of  time  and  diminish  the  dangers  of  navigation. 
The  circnmstances  under  which  its  use  is  particularly  desirable,  and  the 
reasons  for  it  in  detail,  are  given  in  Mr.  Cotton's  report. 

In  conclusion  I  would  say  that  I  consider  $22,000  as  the  most  desira- 
ble amount  with  which  to  begin  this  work. 

In  1852  there  was  an  appropriation  of  $2,500  made  for  the  improve- 
ment of  Great  Wood's  Hole  Harbor.  This  was  spent  in  building  a 
breakwater  on  its  northern  side  to  close  a  passage  through  which  water 
passed  between  it  and  Buzzard's  Bay.  The  report  of  this  operation  is 
found  in  the  annual  Report  of  the  Chief  of  Engineers  for  1853.  It  would 
appear  that  the  work  was  left  incomplete,  as  an  additional  appropria- 
tion of  $2,000  was  solicited.  Private  parties  have,  however,  since  con- 
tinued the  work,  and  occupied  the  vicinity,  so  that  the  opening  is  entirely 
closed  at  the  present  time. 

Wood's  Hole  is  in  the  Barnstable  collection-iliwtrirt.  The  amount  collected  there 
daring  the  fiscal  year  ending  June  30, 1873|  was  $3,425. 

Very  respectfully, 

G.  K.  Warren, 
Maj&r  of  Engineers,  Bvt,  Major- General j  U.  S.  A. 


Report  of  Mr,  J,  P,  Cottoiij  Assistant  Engineer. 

Engineer  Office,  United  States  Army, 

Newport,  R,  /.,  Dtcernber  31,  187.3. 

General  :  I  have  the  honor  to  submit  the  following  report  on  the  "  purvey  of  Wood's 
Ilole,  Buzzard's  Bay,  Massachusetts,  for  the  removal  of  rocks  therefrom,"  made  in  ac- 
cordance with  your  instrnctions. 

The  field-work  of  this  survey  was  commenced  June  25,  and  completed  July  30, 1873. 
The  party  was  organized  under  Charles  R.  Atother,  civil  engineer,  as  principal  assist- 
ant, with  C.  L.  Howes  and  W.  P.  Jewett,  civil  engineers,  subassistants,  and  the  neces- 
sary chainmen,  boatmen,  and  gauge-readers. 

Ad  examination  of  that  part  of  Wood's  Hole  obstructed  by  rocks  showed  that  satis- 
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factory  sonndiogs  could  be  made  only  at  slack-^ater.  I  therefore  concluded  to  extend 
the  survey  to  Nobeka  Point,  in  Vineyard  Sound,  so  as  to  include  Great  Harbor,  Little 
Harbor,  and  Great  Ledge. 

The  survey  was  made  in  the  following  manner :  A  traverse  line  was  run  from  Nobska 
Point  around  Little  Harbor,  Great  Harbor,  and  through  the  "  Hole'*  to  Buzzard's  Bay, 
then  by  triangulation  to  the  south  shore  of  the  "  Hole"  and  thence  back  to  Vinexard 
Sound.  This  entire  system  of  traverse  was  divided  up  into  three  polygons:  the  cor- 
rectness of  the  sides  was  checked  by  the  latitudes  and  departures  of  each,  and  by  plot- 
ting by  chords ;  the  angles  were  checked  by  summation.  Each  angle  was  read  three 
times. 

Tide-gauges  were  set  up  at  the  Government  wharf  in  Little  Harbor,  at  the  railroad- 
wharf  in  Great  Harbor,  one  in  the  "Hole"  near  "Middle  Ledge,"  and  one  on  the  whart* 
in  Hadley  Harbor,  in  Buzzard's  Bay. 

The  zero  of  the  gauge  in  Little  Harbor  was  referred  to  the  United  States  CoasJ -Survey 
bench-mark,  whicn  is  on  a  large  bowlder  on  the  shore  at  west  end  of  a  cranbcrry-mareb. 
about  1,700  feet  west  of  Nobska  light.  The  letter  M  cut  in  this  bowlder  'ie  9.73  feet 
above  mean  low-water  in  Vineyard  Sound.  The  zero  of  the  gauge  on  the  wharf  in 
Hadley  Harbor  was  referred  to  the  Coast-Survey  bench-mark  on  a  bowlder  about  ^'()l> 
feet  southwest  of  Uncatena  Point.  This  bowlder  is  a  very  large  one,  some  200  feet 
from  the  high  ground.  The  letter  M  cut  on  top  of  it  is  8.85  feet  above  mean  low-water 
in  Buzzard's  Bay. 

Simultaneous  observations  on  these  four  gauges  were  taken  for  four  consecutive 
days,  July  30,  31,  August  1  and  2,  to  determine  the  relation  of  the  water's  surface  in 
the  "  Hole"  to  that  in  Vineyard  Sound  and  Buzzard's  Bay.  The  zeros  of  these  gauges 
were  connected  by  level.  It  was  found  by  these  levels  that  mean  "  sea-level"  in  Buz- 
zard's Bay  and  in  Vineyard  Sound  was  practically  the  same. 

Mean  rise  and  fall  of  tide  in  Buzzard's  Bay,  according  to  the  Coast  Survey,  is  4.01 
feet,  and  in  Vineyard  Sound  1.65  feet;  our  observations  for  four  days,  near  neap  tides, 
gave  the  mean  rise  respectively  3.25  feet  and  1.05  feet.  Mean  "sea-level"  being  the 
same  in  both,  mean  low-water  in  Buzzard's  Bay  would  be  about  1.2  fe«t  lower  than 
mean  low- water  in  Vineyard  Sound.  In  view  of  this  diflference  in  the  low-water  planes, 
it  would  have  been  better,  perhaps,  to  have  reduced  the  soundings  to  mean  "  sea-level,'* 
but  as  in  all  of  our  surveys  and  m  all  the  maps  made  by  the  United  States  Coast  Sur- 
vey mean  low-water  is  the  plane  of  reference,  it  was  deemed  best  not  to  depart  from 
this  custom. 

The  soundings  in  Buzzard's  Bay  and  into  the  "  Hole"  to  a  line  joining  the  east  end 
of  Devil's  Foot  Island  and  Mink  Point  were  reduced  to  mean  low-water  in  Buzzard's 
Bay,  and  those  east  of  this  line  to  the  mean  low-water  plane  of  Vineyard  Sound. 

If  the  time  of  low-water  was  the  same  in  Buzzard's  Bay  as  in  Vineyard  Sonnd,  tbis 
difference  of  planes  to  which  soundings  were  reduced  might  be  detected  in  the  depths, 
but  low-water  occurs  in  the  sound  aoout  two  hours  after  it  has  commenced  to  rise  io 
Buzzard's  Bay. 

The  tides  at  this  place,  like  all  places  where  they  have  more  than'one  derivation,  are 
quite  complex,  and  the  usual  terms  of  flood,  ebb,  and  slack-water,  cannot  be  applied 
here. 

The  tide-wave  from  the  ocean,  which  enters  Buzzard's  Bay  between  Cuttyhnnk 
Island  and  the  main-land,  has,  by  reason  of  the  shoaling  of  the  bay  and  concentration 
by  the  shores,  increased  in  height  from  3.6  feet  at  CuttyTiunk  to  4.0  feet  at  the  uorth 
side  of  Wood's  Hole.  When  it  is  low-water  at  Buzzard's  Bay  the  sound  is  partially 
filled  by  the  tide  coming  in  at  the  east  end  of  the  sound,  by  Monomoy  Point,  whicb 
reaches  the  sound  side  of  Wood's  Hole  about  four  hours  later  than  the  one  from  the 
west  by  Cuttyhnnk.  Thisdifierence  in  derivation  and  time  so  modifies  the  tide  on  the 
sound  side  of  Wood's  Hole  that  the  mean  rise  and  fall  is  but  1.65  feet.  This  difference 
in  the  rise  and  fall  of  tides  in  the  bay  and  sound  at  Wood's  Hole  gives  a  head  of  water 
on  one  aide  or  the  other  of  the  "  Hole  "  at  nearly  all  times  of  tide,  and  consequently  a 
strong  current  through  it.  Slack-water  occurs  between  high  and  low  water,  instead  of 
those  times,  and  high  and  low-water  on  the  gauge  occurs  when  there  is  a  swift  current 
through  the  "  Hole." 

Those  navigating  this  channel  use  the  terms  "west  tide"  when  the  current  is  setting 
from  Vineyard  Sound  into  the  bay,  and  "  east  tide,"  when  from  the  bay  into  the  sound. 
These  terms  will  be  used  hereafter  in  this  report  when  speaking  of  the  currents  in  the 
"Hole." 

Observations  for  velocity  and  direction  of  these  cnrrents  were  taken  for  an  "east** 
and  "  west "  tide.  The  floats  used  were  of  pine,  2  inches  by  2  inches  in  section,  5  feet 
long,  and  loaded  to  float  in  a  vertical  position ;  a  small  wire  was  inserted  in  the  upper 
end,  and  on  this  a  flag  2  inches  square  was  placed,  to  enable  the  observers  to  follow 
them.  The  position  of  these  floats  was  determined  every  thirty  seconds,  by  the  inter- 
section of  lines  of  sight  from  each  end  of  a  measured  ba«e  on  shore  ;  the  augles  \yhich 
these  lines  made  with  the  base  were  simnltaueouMly  uieasui'ed  by  obser\'er8  with  a 
transit.     A  line  dr.iwn  through  these  points  shows  the  direction  tra'«eled  by  the  fii>At^r 
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and  the  distance  between  them  gives  the  velocity.  The  conrse  of  these  floats  shows 
that  the  obstrnctions  here  (so  dangerous  to  navigation)  are  not  snfficient  to  direct  and 
control  the  current.  Of  tifteen  floats  let  out  in  12  feet  and  upward  of  water,  ten 
passed  over  shoals  with  leas  than  9  feet,  and  several  of  them  dragged  over  bowlders 
with  but  2  or  3  feet  on  them ;  five  only  followed  the  channels  usually  navigated. 

The  maximum  velocity  of  the  "east  tide"  was  5.06  miles  per  hour,  and  of  the  "west 
tide"  4.26  miles  per  hour.  The  greater  velocity  of  the  "east  tide"  is  doubtless  due  to 
the  fact  that  it  occurs  when  the  tide  is  high  in  the  bay.  This  gives  about  2  feet  more 
depth  in  the  "Hole"  than  at  the  time  of  the  "  west  tide,"  which  occurs  when  the  water 
in  the  bay  is  below  mean  sea-level. 

The  observations  giving  the  above  velocities  were  made  at  time  of  neap  tides. 
Gaage-readings  were  not  taken  in  both  bay  and  sound  at  that  time  to  determine  the 
actual  head  of  water,  but  at  the  time  of  sncQceding  neap  tides  they  were  kept  for  four 
days.  The  greatest  head  of  water  in  these  four  days  was  about  1.6  feet.  It  was  about 
the  same  in  the  "  east"  and  the  "  west  tide."  The  head  and  consequently  the  velocities 
won  Id  be  oinch  greater  at  time  of  spring  tides.  A  chart  of  these  current  observations 
accompany  the  map  of  the  survey. 

DESCRIPTIOX  OF  THE   "HOLE"  AND  ITS  CHANNELS. 

The  name  Wood's  Hole  is  generally  applied  to  the  harbor  of  refage  here  and  the 
strait  connecting  the  sound  and  bay.  Those  using  this  strait,  however,  apply  the 
name^Wood's  Hole  to  the  harbor  and  the  village,  and  speak  of  the  strait  as  t^e  "  Hole;" 
these  names  have  this  signification  in  this  report. 

The  "  Hole"  is  about  2,500  feet  long  and  1,600  feet  wide.  Great  Harbor,  at  the  east- 
ern entrance  of  the  "  Hole,"  has  from  .30  to  75  feet  of  water  over  its  whole  extent.  Ves- 
sels drawing  23  feet  of  water  can  enter  this  harbor  from  the  sound. 

In  1853  a  breakwater  300  feet  long  and  about  6  feet  wide  on  top  was  built  by  the 
Qovernment  across  a  neck  of  land  separating  Buzzard's  Bay  from  Great  H.irbor.  It 
was  built  to  prevent  the  sand  being  washed  into  Great  Harbor  in  time  of  high  tides 
and  storms  from  the  northeast.  The  amount  appropriated  for  this  work  was  $2,.500, 
but  I  infer  that  this  amount  did  not  complete  it  as  first  designed,  as  an  additional  ap- 
propriation of  $2,000  was  aeked. 

A  road  has  since  been  built  over  this  neck  of  land,  and  the  shore  at  the  west  end  of 
the  bi-eakwater  riprapped  by  private  parties.  It  is  now  in  good  repair,  and  apparently 
secare. 

The  entrance  to  the  "  Hole  "  is  obstructed  by  a  reef  of  bowlders  extending  from  Mink 
Point  to  Graasy  Island,  and  theuce  to  DeviPs  Foot  Island.  This  reef  is  known  as  Red 
licdge.  Dry  Ledge,  and  Grassy  Island.  There  is  a  channel  between  Mink  Point  and  Red 
Ledge  called  Broadway,  with  20  feet  of  water  for  150  feet  in  width  ;  beyood  this  width 
it  shoals  rapidly.  This  channel  is  generally  used  by  the  boats  of  the  New  Bedford  and 
Martha's  Vineyard  St>eaniboat  Company  ;  but  it  is  not  practicable  for  sailing-vessels, 
because  of  the  sharp  turn  necessary  to  reach  the  main  channel  north  of  Middle  Ledge 
and  the  strong  cross-current.  There  is  a  narrow,  crooked  channel  between  Red  and 
Dry  Ledges  w^ith  about  7  feet  of  water  ;  this  channel,  I  believe,  is  never  used. 

Middle  Channel,  between  Lone  Rock  on  east  end  of  Dry  Ledge  and  Grassy  Island, 
has  about  10  feet  depth,  at  mean  low-water,  for  100  feet  in  width  ;  this  is  the  channel 
priucipally  used  by  sailing-vessels,  and  the  only  one  for  which  the  Coast  Survey  chart 
gives  sailing  directions. 

North  Channel,  between  Grassy  Island  and  DeviTs  Foot  Island,  has  about  10  feet 
depth  for  a  width  of  200  feet.  This  channel  is  used  only  by  those  who  are  familiar  with 
the  set  of  the  currents  here. 

Middle  Channel,  in  following  it  through  from  the  east,  is  obstructed  by  a  rock  about 
400  feet  from  the  entrance  with  7.9  feet  on  it  at  mean  low- water.  From  the  east  end  of 
DeviVs  Foot  Island  a  reef  of  bowlders  makes  out  into  the  channel  and  entirely  across 
the  channel  marked  out  on  Coast  Survey  chart,  with  11.5  feet  on  its  dee{)eHt  part ;  a 
rock  on  the  south  end  of  this  reef  has  7,6  feet  on  it  at  mean  low-water.  To  the  south 
of  this  rock  there  is  20  feet  depth. 

The  next  obstruction  is  Middle  Ledge ;  here  the  channel  is  about  150  feet  wide,  with 
15  feet  of  water.  This  is  a  bad  obstruction  in  the  swiftest  current,  with  deep  water 
east  and  west  of  it.    It  is  marked  by  a  can  buoy. 

Immediately  west  of  Middle  Ledge,  in  the  channel,  is  a  shoal  with  13.5  feet  of  water 
on  it,  and  20  to  27  feet  all  around  it. 

Some  1,500  feet  west  of  the  buoy  on  Middle  Ledge  there  is  a  shoal  bare  at  low-water ; 
abontSOO  feet  northeast  of  this  are  three  bowlders,  with  7.7  feet  on  them  at  mean  low- 
water.  The  name  "Entering  Rocks"  is  given  by  some  to  the  shoal,  and  by  others  to 
these  bowlders.  About  1,500  feet  west  of  these  rocks  there  is  a  rock  with  but  9  feet  on 
it ;  it  is  in  about  16  feet  of  water. 

Broadway  is  obstructed  by  two  or  three  bf^wlders,  with  less  than  10  feet  on  them. 

There  is  a  narrow  channel  between  Middle  Ledge  and  Pine  Island,  with  14  feet  of 
water,. but  this  is  obstructed  by  a  cluster  of  bowlders  with  less  than  1  foot  on  them  at 
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low-water.  If  these  were  removed  it  would  still  be  imprcticable,  because  it  is  iu  the 
middle  of  a  broad  expanse  of  water,  and  could  only  with  great  difficulty  be  found  in 
the  night  or  in  foggy  weather. 

The  obstrnctions  in  the  ^'  Hole ''  are  so  sreat  that  sailiog-vessels  attempt  its  passage 
-very  rarely,  and  then  only  at  or  near  slack- water. 

A  line  of  steamers  between  New  Bedford  and  Martha's  Vineyard  make  a  trip  each 
way  daily,  and  iu  summer  two  trips  each  way,  through  this  strait.  These  steamers 
carry  freight  and  passengers,  but  their  chief  business  is  the  carrying  of  passengers. 
The  largest  boat  of  this  line  draws  8  feet.  The  channel  used  by  tbeni  has  several 
bowldei-s,  with  less  than  9  feet  on  them  at  mean  low-water.  These  in  a  low  run  of 
spring  tides  have  less  than  8  feet,  and  on  them  their  boat«  have  struck  repeatedly.  On 
-one  occasion  a  boat  with  600  passengers  struck  on  one  of  these  rocks  and  was  disabled. 
All  were  safely  landed  in  yawl-boats.  These  boats  go  through  the  "  Hole  "  at  all  times 
of  tide  and  in  all  kinds  of  weather. 

There  are  four  boats  belonging  to  this  line,  valued  at  8^200,000.  They  make  about 
800  trips  through  the  "Hole"  yearly,  and  from  November  1,  1872,  to  November  1,  1873, 
carried  58,924  passengers  and  about  1,000  tons  of  freight.  The  officers  of  this  company 
think  that  if  the  bowlders  lying  in  the  channel  were  removed,  and  a  few  from  the  point 
of  Middle  Ledge  taken  off,  they  would  have  but  little  difficulty  iu  making  the  passage 
of  this  now  dangerous  strait.  I  have  made  an  estimate  for  removing  the  few  bowlders 
that  these  boats  frequently  strike.  Besides  this  I  have  made  several  estimates  with 
the  view  of  making  the  use  of  this  channel  practicable  by  the  vast  coasting  fleet 
that  now  passes  through  Vineyard  Sound. 

First:  To  remove  the  Entering  Rocks,  a  few  bowlders  from  the  point  of  Middle 
Ledge,  and  two  or  three  from  Broadway  that  are  serious  obstructions  to  the  navigation 
of  the  "  Hole"  by  the  New  Bedford  and  Martha^s  Vineyard  steamers,  |5,000, 

Second :  To  remove  the  bowlders  as  in  first  estimate,  and  all  those  in  the  channel 
passing  Lone  Rock,  so  as  to  give  200  feet  in  width  clear  of  rocks,  and  widen  the  channel 
at  Middle  Ledge  to  200  feet  by  taking  the  bowlders  off  the  point  of  the  ledge,  $22,000. 
With  this  amount  the  channel  can  be  much  improved,  and  it  is  possible  that  if  the 
bowlders  are  removed  that  the  current  will  deepen  the  channel  somewhat.  A  less 
amount  than  this  will  not  be  so  economical,  as  the  necessary  apparatus  for  doing  this 
work  will  require  considerable  outlay. 

Third  :  For  a  channel  9  feet  deep  at  mean  low-water,  and  300  feet  wide  at  Middle 
Ledge,  400  feet  wide  at  the  bay  entrance,  and  with  three  channels  at  the  sound  en- 
trance, each  300  feet  wide,  and  9  feet  deep  at  mean  low-water,  to  cost — 

For  removing  bowlders , $22,000 

For  dredging  18,870  cubic  yards  clay,  gravel,  and  bowlders,  at  81 18, 870 

Superintendence 2, 000 

Total c * 42,870 

This  improvement,  by  giving  three  wide  entrances  into  the  sound,  would  enable 
sailing-vessels  to  pass  through  from  the  west  without  dancer  of  being  drawn  onto  the 
rocks  oy  cross-currents,  because  they  would  have  a  channel  in  any  direction,  and  could 
choose  the  one  that  wind  and  curi'ent  best  suited. 

Fourth  :  For  the  improvement  of  third  estimate,  and  the  removal  of  all  of  Middle 
Ledge  to  9  feet  at  mean  low-water;  this  would  give  a  channel  800  feet  in  width,  with 
three  300-foot  channels,  into  the  sound.  With  this  improvement  a  sailing-vessel  could 
beat  through  the  "  Hole." 

For  removing  bowlders,  second  estimate • $22, 000 

Dredging  and  superintendence,  third  estimate 20,870 

Dredging  of  Middle  Ledge,  59,000  cubic  yards,  at  $1 59, 000 

Superintendence 6,000 

Total 107,870 

Fifth  :  For  a  channel  the  same  width  as  iu  fourth  estimate,  and  12  feet  deep  at  mean 
low- water. 

For  removing  bowlders,  second  estimate $22, 000 

For  dredging  and  superintendence,  third  estimate 20, 870 

For  dredging  and  superintendence,  fourth  estinuite 65, 000 

For  additional  dredging,  84,530  cubic  yai-ds,  at  $1 84, 5:W) 

Superintendence ., 8,000 

Total 200,400 

Digitized  by  LjOOQ  IC 


REPORT  OF  THE  CHIEF  OF  ENGINEERS.         281 

Sixth :  For  a  obannel  the  same  as  in  fifth  estimate,  with  300  feet  of  its  width  deep* 
«Dedtol5feet  at  mean  low-water,  and  the  three  entrauces  to  the  souud  the  same 
depth,  (15  feet.) 

For  removing  bowlders,  second  estimate $22, 000 

For  dredging  and  superintendence,  third  estimate 20, 870 

For  dredging  and  superintendence,  fourth  estimaie 65, 000 

For  dre<lging  and  superintendence,  fifth  estimate 92, 530 

For  additional  dredging,  61,500  cubic  yards,  at  Ijjl 61, 500 

Superintendence 6, 100 

Total 268,000 

Seventh:  For  a  channel  same  as  in  the  sixth,  with  300-foot  channel  increased  to  18 
feet  deep,  at  mean  low- water. 

For  removing  bowlders,  second  estimate. .• $22,000 

For  dredging  and  superintendence,  third  estimate 20, 870 

For  dredging  and  superintendence,  fourth  estimate 65, 000 

For  dredging  and  superintendence,  fifth  estimate 92, 530 

For  dredging  and  superintendence,  sixth  estimate 67, 600 

For  additional  dredging,  161,500  cubic  yards,  at  $1 161, 500 

Superintendence " 16, 500 

Total 446,000 

RECAPITCLATION   OK  ESTIMATES. 

First  estimate $5,000 

•Second  estimate 22, 000 

Third  estimate 42,870 

Fourth  estimate 107,870 

Fifth  estimate 200,400 

:Sixth  estimate 266,000 

Seventh  estimate 446,000 

COMMERCIAL  VALUE  OF  THIS  IMPROVEMENT. 

The  removal  of  the  bowlders  from  the  channel  used  by  the  steamers  would  be  of 
^reat  value  to  the  steamboat  company,  whose  boats  use  this  channel  daily  ;  and  to  the 
thousands  traveling  by  them,  whose  lives  are  jeopardized  every  time  they  make  the 
passage,  its  value  cannot  be  measured  by  dollars  and  cents. 

The  other  estimates  have  been  made  with  a  special  view  to  the  wants  of  the  coast- 
ing trade,  and  are  arranged  in  the  order  that  wili  give  the  most  improvement  for  the 
.amount  expended.  Each  estimate  is  for  a  definite  improvement  complete  in  itself,  but 
still  a  part  of  the  plan  for  the  greatest  improvement. 

The  strait  of  Wood's  Hole  separates  the  Elizabeth  Islands  from  the  mainland,  and 
is  about  twenty  miles  from  the  west  end  of  th«se  islands.  These  islands  are  separated 
from  each  other  by  Robinson's  Hole  and  Quick's  Hole,  and  by  two  or  three  small  un- 
uavigable  ones  without  names,  forming  passages  between  Buzzard's  Bay  and  Vineyard 
Bound.  Robinson's  Hole  is  narrow  and  so  much  obstructed  by  rocks  that  it  is  seldom 
used.  Quick's  Hole  is  a  good  channel,  with  sufficient  depth,  and  is  very  much  used  by 
vessels  going  to  and  from  New  Bedford  and  other  ports  in  Buzzard's  Bay,  but  because 
of  the  detour  around  Pen ikese  Island  and  a  lone  rock  in  the  bay,  and  the  comparatively 
short  distance  saved,  it  is  but  little  used  by  the  coasting-fleet  passing  east  and  west, 
not  so  nmch  as  it  probably  would  be  were  it  better  known. 

In  Vineyard  Sound,  on  the  south  side  of  the  Elizabeth  Islands,  the  tidal  current  sets 
to  the  eastward  about  four  hours  after  it  has  turned  and  is  setting  to  the  westward  in 
Buzzard's  Bay,  immediately  north  of  them.  If  the  channel  through  Wood's  Hole  were 
improved,  a  vessel  bound  west,  arriving  there  when  the  tide  commenced  to  set  east 
in  the  souud,  by  going  through  the  Hole,  would  have  a  fair  tide  four  hours  earlier 
and  smooth  w<iter,  and  would,  if  depending  on  tide,  gain  much  in  time  and  distance. 
When  a  vessel  bound  east  arrives  at  the  light-ship  off  Cuttyhunk  Island,  and  meets 
the  tide  running  west  out  of  the  sound,  if  the  wind  is  light  she  can  make  no  head- 
way, and  must  beat  about  the  entrance  until  the  tide  changes.  If,  however,  she  could 
go  through  Wood's  Hole,  she  would  go  to  the  north  of  these  islands  with  a  fair  tide 
and  smooth  water  four  hours  before  she  could  get  into  the  sound.  Again,  if  this  im- 
provement were  completed,  two  fleets  of  vessels  arriving,  one  at  Cuttyhunk  and  the 
■other  at  Wood's  Hole,  at  the  same  hour,  would,  in  order  to  have  the  tide  with  them,  one 
take  the  Buzzard's  Bay  route  and  the  other  the  sound  route,  and  avoid  all  danger  of 
collision,  if  in  the  night  or  foggy  weather. 
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The  -width  of  Vineyard  Sound  west  of  Wood*8  Hole,  available  for  navigation,  is  made 
leas  than  two  miles  by  that  dangerous  shoal  known  as  the  "  Middle-Ground,''  near  the 
south  shore.  This  shoal  is  marked  only  by  one  buoy  on  each  end,  and  the  uncertainty 
of  seeing  these  makes  all  navigating  the  sound  hug  the  north  shore  to  avoid  it. 

They  in  doing  this  frequently  get  aground  on  the  north  shore  in  thick  weather,  and 
collisions  are  of  frequent  occurrence  here. 

If  this  improvement  were  made  it  would  probably  relieve  this  channel  of  nearly 
one-half  the  number  of  vessels  now  using  it,  and  there  would  be  the  further  advantage 
that  most  of  those  using  it  would  be  sailing  in  the  same  direction. 

The  number  of  vessels  engaged  in  the  coasting-trade  is  very  large  and  annually  in- 
creasing, and  with  this  improvement  made  the  time  saved  in  the  aggregate  would  be 
a  very  large  item,  and  the  lessening  of  the  danger  of  accidents  by  collision  would  be, 
to  so  large  a  number,  worthy  of  consideration.  To  vessels  bound  to  New  Bedford  from 
the  east  this  channel,  if  improved,  w^ould  save  ten  miles  in  distance,  and  to  those  to 
Wareham  nineteen  miles. 

Wood's  Hole  is  in  the  Barnstable  collection-district.  The  amount  of  revenue  col- 
lected there  during  the  fiscal  year  was  $3,425. 

Accompanying  this  report  is  a  map  of  the  survey,  on  a  scale  of  200  feet  to  the  inch  ; 
also  a  chart  showing  the  direction  and  velocity  of  the  tidal  flow  through  the  Hole  for 
an  east  and  west  tide,  on  the  same  scale  as  the  map. 

Attached  to  the  report  is  a  chart  showing  four  tides  in  Buzzard's  Bay  and  Vineyard 
Sound,  plotted  from  the  same  plane. 

To  my  principal  assistant,  Mr.  C.  R.  Mather,  civil  engineer,  I  am  under  special  obli- 
gations for  his  valuable  services  in  the  field  and  office. 

Respectfully  submitted. 

J.  P.  Cotton, 
Assistant  Engineer, 

G.  K.  Warren, 

Major  of  Engineers  and  Bvf,  MaJ.  Gcw.,  U*  5.  A. 
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Tides  in  Vineyard  Sound  and  Buzzard's  Bay, 
near  Wood's  Hole,  Mass. 


3        4        5        a        7        fi 


Sound  tide. 
Bay  tide,— 
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X  23. 

SURVEY  OF  THE  HARBOR  OF  FALL  RIVER,  MASSACHUSETTS. 

[Report  sabmitted  December  31, 1873,  and  printed  as  part  of  H.  Ex.  Doc.  84,  43d  Con- 
gress, 1st  Session.] 

This  survey  was  authorized  by  the  act  of  Congress  approved  March 
3, 1873,  and  was,  as  stated  in  the  act,  made  with  a  view  to  the  removal 
of  rocks  from  this  harbor. 

This  survey  was  conducted  by  my  assistant  engineer,  Mr.  J.  P.  Cotton, 
and  his  report,  with  a  map,  is  submitted  herewith,  to  which  special 
attention  is  invited  for  complete  details  of  the  work.  The  survey  ex- 
tends along  the  harbor-front  about  1,500  feet,  between  Eodinau's  wharf 
and  Brown's  wharf,  and  out  to  the  curve  of  14  feet  depth  at  mean  low- 
water. 

The  most  obvious  obstructions  in  this  space  are  bowlder-rocks  of  all 
sizes  up  to  several  tons'  weight ;  but  besides  these  the  surface  on  which 
they  lie  is  too  shoal  and  requires  dredging. 

We  have  made  an  estimate  for  the  rempval  of  the  rocks  and  the 
dredging  separately,  and  also  for  a  few  dolphins  to  mark  out  the  chan- 
nel when  improved  and  to  guide  and  aid  vessels  in  getting  in  and  out. 

The  improved  channel  thus  to  be  provided  is  to  be  12  feet  deep  at 
mean  low-water,  and  100  feet  wide  at  the  narrowest  parts,  widening  out 
at  each  end,  where  it  joins  the  main  channel. 

The  estimate  is  as  follows : 

For  removing  bowlders $11,000  00 

For  dredging 33,400  00 

For  six  dolphins 600  00 

45,000  00 

Fall  River  City  is  a  most  important  commercial  place,  and  too  well  known  to  need 
special  mention  here.  It  is  a  port  of  entry,  and  the  amount  of  revenue  collected  in  the 
fiscal  year  ending  June  30,  1873,  was  $212,491.4ia. 

Very  respectfully, 

G.  K.  Warren, 
Major  of  Engineergj  Bvi.  Maj.  Oen.,  U.  S.  A. 


Report  of  Mr,  J,  P,  Cotton j  Asshiant  Engineer. 

ExCfiNEKR  Office  Unitkd  States  Army, 

Xmcportj  H'  /.,  December  2*2,  1873. 

GfeNERAL :  I  have  the  honor  to  submit  the  following  report  on  the  "  survey  of  the 
harbor  of  Fall  River,  Mass.,  for  the  removal  of  rocks  therefrom,"  made  in  accordance 
with  your  instructions : 

In  July  I  visited  Fall  River  and  conferred  with  the  parties  who  had  been  instru- 
mental in  having  this  survey  ordered,  to  learn  their  idea  of  the  obstructions.  From 
this  conference  and  a  reconnoissauce  I  found  that  a  survey  of  that  part  of  the  harbor 
between  Rodman's  wharf  and  Brown's  wharf,  and  the  curve  of  14  feet  depth  at  mean 
low- water,  would  include  all  the  obstructions  and  would  be  aU  that  was  necessary  to 
determine  the  improvements  to  be  considered. 

The  field-work  of  this  survey  was  commenced  on  the  6th  and  completed  on  the  13th 
of  September.  The  survey  extends  along  the  harbor-front  about  1,500  feet,  and  out  to 
14  feet  depth  at  mean  low-water.  It  was  conducted  in  the  usual  manner  by  running  a 
line  along  the  shore.  Important  buildings  and  wharves  were  located  by  angles  and 
-distances.  Inaccessible  points  were  fixed  by  angles  taken  at  each  end  of  a  measured 
base-line.    The  position  of  every  station  used  as  an  instrument  station  that  had  been 
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fixed  by  tnan^ulation  was  verified  by  repeating  all  of  the  angles  of  the  triangle.  All 
of  the  soundings  were  located  by  the  intersection  of  linos  of  sight  from  each  end  of  a 
base-line  on  shore,  the  angle  that  these  lines  made  with  the  base  being  measured  with 
a  transit. 

When  I  went  to  Fall  River  to  commence  the  survey  I  expected  to  find  an  established 
low-water  plane  with  a  known  reference  to  the  city  levels.  I  consulted  the  city  engi- 
neer and  the  engineer  of  the  water-works,  but  neither  of  them  knew  anything  about 
the  low- water  plane,  and  the  city  engineer  was  quite  sure  that  no  observations  had 
been  made  by  the  city.  I  then  did  what  seemed  best  in  view  of  the  short  time  I  should 
be  engaged  on  the  survey,  and  that  was  to  observe  the  high  and  low  waters  during  the 
progress  of  the  work,  and  from  those  days  when  the  tides  were  least  disturbed  by  winds 
or  storms  to  establish  an  approximate  mean  low -water.  On  three  days  of  good  weather 
the  high- water  readings  were  6.0  feet,  5.9  feet,  and  5.8  feet:  the  corresponding  low 
waters  were  — 1.7  feet,  — 1.0  foot,  and  —0.9  foot.  Mean  sea-level  from  these  readings  was 
2.35  feet  on  the  gauge,  and  the  mean  rise  and  fall  for  these  three  days  7.1  feet.  The 
mean  rise  and  fall  given  by  the  United  States  Coast  Survey  is  4.7  feet.  The  observa- 
tions taken  were  at  the  time  of  spring  tides,  but  the  ditference  in  rise  and  fall  is  too 
great  to  be  charged  to  this  alone.  I  nave,  however,  assumed  that  mean  sea-levol  on 
those  days  was  the  same  as  that  of  the  United  States  Coast  Survey,  and  from  it  have 
subtracted  one-half  the  rise  and  fall  as  given  by  the  Coast  Survey  for  mean  low-water, 
and  to  this  plane  have  reduced  the  soundings. 

The  depth  of  that  part  of  the  harbor  surveyed  varies  from  6  to  14  feet  at  mean  low- 
water.  The  bottom,  which  is  of  gravel  with  bowlders  and  a  small  amount  of  sand,  is 
in  many  places  covered  with  bowlders  varying  in  size  from  "pavers'' to  two  tons' 
weight,  and  an  occasional  one  of  several  tons.  The  shoalest  portion,  which  lies  in  a 
line  about  west-southwest  from  the  south  side  of  Massasoit-Mill  wharf,  is  known  as 
"  the  ledge."  The  outer  point  of  this  shoal  is  buoyed  in  abont  12  feet  at  mean  low 
water  to  warn  vessels  passing  up  and  down  the  Taunton  River.  To  the  north  of  this 
shoal  there  is  from  8  to  14  feet  of  water,  obstructed  only  by  an  occasional  bowlder,  some 
of  them  rising  as  much  as  five  feet  above  the  bottom.  None  of  these  bowlders  are 
bnoyed,  and  the  location  of  but  few  of  them  is  well  enough  known  to  enable  them  to 
be  found  readily.  One  opposite  the  Fall  River  Coal  Company's  wharf,  on  which  sev- 
eral  vessels  have  struck  within  the  past  two  years,  could  not  be  pointed  out  with 
BUtficient  definiteness  to  enable  me  to  find  it  without  considerable  search. 

The  removal  of  all  the  bowlders  and  the  dredging  out  of  the  shoal  would  be  neces- 
aary  to  answer  fully  the  demands  of  navigation  interests. 

I  have  estimated  for  a  channel  100  feet  m  width  and  12  feet  deep  at  mean  low- water, 
to  mn  nearly  parallel  with  the  wharves  of  the  Massasoit  Mills  and  Fall  River  Coal  Com- 
pany, and  50  feet  from  them  ;  from  the  southwest  comer  of  the  Massasoit  Mill  wharf 
to  cnrve  to  the  southwest,  and  gradually  increase  in  width  until  the  12-foot  curve  is 
reached,  where  it  is  to  be  300  feet  wide ;  from  a  point  opposite  the  wharf  of  the  Fall 
River  Coal  Company  it  is  to  curve  to  the  northwest,  and  to  be  300  feet  in  width  where 
it  Joins  the  12-foot  curve.  This  channel  properly  buoyed,  I  think,  will  meet  the  pres- 
ent wants,  and  prevent  many,  if  not  all,  of  the  disasters  now  so  frequent  Instead  of 
using  buoys  I  would  put  in  dolphins  along  this  channel,  at  intervals  of  abont  100  feet, 
and  on  alternate  sides  ;  these  would  answer  the  double  purpose  of  marking  the  chan- 
Bel  and  serving  to  warp  to,  in  adverse  winds. 

The  depth  of  channel  estimated  for  is  as  great  as  could  be  obtained  without  largely 
increasing  the  estimate,  and  it  is  thought  that  this  depth,  (12  feet,)  with  the  rise  of 
tide  (4.7)  will  admit  any  vessel  likely  to  be  engaged  in  coastwise  trade  for  some  time 
to  come. 
My  reasons  for  locating  the  channel  50  feet  from  the  front  of  the  wharves  are : 
let.  There  are  often  several  vessels  lying  at  a  wharf  waiting  to  discharge ;  if  the 
channel  was  immediately  in  front  of  the  wharves  it  would,  in  such  a  case,  be  partially 
blocked,  and  questions  as  to  the  right  of  way  would  be  constantly  arising. 

2d.  The  foundation  of  some  of  the  wharves  is  on  the  present  bottom  ;  should  the 
depth  alongside  be  increased  there  would  be  danger  of  undermining  and  throwing 
them  down. 

There  is  now  in  a  large  part  of  the  proposed  channel  12  feet  of  water  at  mean  low- 
water,  where  all  that  is  required  is  the  removal  of  the  scattering  bowlders.  It  is 
thought  that  most  of  these  bowlders  can  be  weighed  with  proper  apparatus.  There 
was  but  one  found  that  will  require  to  be  blasted.  The  cost  of  removing  these  bowlders 
it  is  difficult  to  estimate.  In  sounding,  only  a  small  number  of  those  that  will  have 
to  be  removed  were  found,  and  the  sizes  of  only  the  larger  ones  of  those  found  were  es- 
timated. If  the  improvement  is  made  the  proposed  channel  should  be  buoyed,  and  all 
the  bowlders  within  its  limits  taken  up.  This  could  be  done  onlv  with  the  aid  of  divers. 
I  estimate  the  cost  of  removing  the  bowlders  from  the  proposed  channel  at  $10,000. 

The  dredging  of  the  channel  to  12  feet  depth  at  mean  low- water  will  require  the 
removal  6(  30,400  cubic  ^ards.  Dredging  at  the  wharves  in  Fall  River  costs  abont  $1 
per  cubic  yard,  and  I  thmk  this  can  be  done  at  that  price. 
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ESTIMATES. 

Removing  bowlders |10,000 

•Saperintendence 1,000 

$11,000 

Dredging  30,400  cubic  yards  at  $1 30, 400 

Superintendence 3, 000 

33,400 

Six  dolphins 600 


45,000 


I  have  collected  the  following  data  concerning  the  amount  of  merchandise  received 
^nd  shipped  during  the  year  ending  November  1, 1873,  at  the  wharves  lu  that  part  of 
the  harbor  of  Fall  River  included  in  this  survey  : 


Coal,  tons. 

drain,  bushels. 

Bricks. 

Lime  and    ce- 
ment, bbls. 

Lumber,  t%  b.  m. 

119,800 

460,000 

350,000 

9,000 

8,201,54& 

Value  of  merchandise  carried  by  Providence  steam-packet,  $5,000,000 ;  number  of  ar- 
rivals aud  departures  exclusive  of  the  steam-paoket,  about  700 ;  number  that  have 
struck  on  the  obstructions,  45.-  Of  this  number  about  one-half  received  serious  damage. 
One  loaded  with  lime  ran  on  a  rock  at  high- water,  and  when  the  tide  fell  she  keeled 
over  and  filled  ;  the  lime  caught  fire  and  the  vessel  and  cargo  were  nearly  a  total  loss. 
So  many  vessels  have  struck  during  the  past  two  years  that  it  is  diMcult  to  charter 
vessels  to  bring  coal  here. 

Fall  River  Harbor  possesses  extra  facilities  for  navigation.  It  is  apartof  Mooat 
Hope  Bay,  an  arm  of  Narragansett  Bay.  and  is  seldom  obstructed.  The  bay  is  wide,  so 
that  vessels  can  beat  up  to  town. 

Fall  River  in  1870  had  about  27,000  inhabitants,  and  is  increasing  in  population  very 
rapidly.  It  now  ranks  first  in  the  United  States  in  the  extent  of  its  cotton  manufac- 
turing interest.  It  is  a  port  of  entry.  The  amount  of  revenue  collected  during  th» 
fiscal  year  ended  Jane  30, 1873,  was  $212,491.42. 

Accompanying  this  report  is  a  map  on  a  scale  of  100  feet  to  1  inch,  of  that  part  of 
the  harbor  surveyed,  with  the  wharves  north  and  south  in  dotted  lines,  taken  from  the 
oity  map. 

Mean  low-water,  to  which  the  soundings  on  this  map  were  reduced,  is  —  feet  below 
the  top  of  ring-bolt  in  the  cap  of  Slade's  wharf,  about  60  feet  from  the  northwest  cor- 
ner, on  the  north  side. 

-    I  was  assisted  in  this  survey  by  Messrs.  Clarence  L.  Howes  and  Wm.  F.  Hill,  civil 
engineers. 

Respectfully  submitted. 

J.  P.  Cotton, 

Asffitftant  Engineer, 

G.  K.  Warrkn, 

Major  of  Engineers  and  Bvt.  Maj,  Gen.^  U.  S.  A, 


X24. 

SURVEY  OF  POINT  JUDITH  LAKE,  [POND,]  RHODE  ISLAND. 

[Report  submitted  Deceni1)er  31,  1873,  and  printed  as  part  of  House  Ex.  Doc.  84, 
43d  Congress,  Ist  sensiou.] 

This  survey  was  lURde  in  accordance  witli  the  act  of  Congress  for 
rivers  aud  harbors  approved  March  3, 1873. 

This  survey  was  specially  conducted  by  my  assistant  engineer,  Mr. 
0.  Ji.  Mather,  and  his  report  in  detail,  and  a  map  on  a  scale  of 
200  feet  to  the  incli,  are  sent  herewith. 

This  lake,  usually  called  pond,  is  one  of  several  formed  by  a  sand- 
beach  thrown  by  the  waves  between  Point  Judith  aud  highland  lying 
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west  of  it.  It  is  about  3,000  feet  average  width,  and  20,000  feet  long, 
receiving  the  drainage  of  an  area  of  about  twenty-five  square  miles, 
•yhe  level  of  the  pond  at  the  time  of  the  survey  was  about  4|  feet  above 
mean  low-water  in  the  ocean.  The  water  in  the  pond  is  mostly  fresh, 
and  escapes  at  nearly  all  times  of  tide  through  a  narrow  crooked  outlet 
through  the  beach  near  the  western  side  of  the  pond.  At  very  high  tides 
and  high  waves  salt  water  finds  its  way  into  the  pond  through  the  outlet 
and  over  the  low  ground  contiguous  to  it.  This  opening,  I  believe,  is 
never  entirely  closed  by  the  beach-sand,  though  it  has  narrowed  so 
much  that  large  fish  do"  not  enter  it  as  numerously  as  in  former  times. 
There  is  probably  no  danger  of  its  ever  closing,  as  the  head  of  water 
and  the  area  drained  are  sufficient  to  always  find  an  outlet. 

From  the  6-foot  curve  in  the  ocean  to  where  the  pond  is  6  feet  deep 
is  a  distance  of  7,500  feet,  and  if  a  canal  and  lock  were  practicable,  this 
would  be  the  length  of  the  canal  required  to  give  6  feet  depth.  If  it 
were  practicable  to  establish  a  permanent  outlet,  so  os  to  allow  the  tide 
to  enter  the  pond  freely  and  preserve  its  mean  level  the  same  as  the 
ocean,  the  pond  would  be  lowered  4J  feet,  and  the  distance  from  the 
curve  of  6  feet  depth  in  the  ocean  to  the  same  depth  in  the  pond  would 
become  8,000  feet,  and  this  would  represent  the  length  of  the  canal  to 
be  cut.  This  latter  arrangement  would  render  the  pond  valuable  for 
raising  oysters,  and  for  such  fish  as  prefer  salt-water  estuaries,  but  the 
fresh- water  pond  is  probably  more  valuable  for  the  herring  fishery. 

To  secure  any  artificial  enlargement  of  the  outlet  extensive  stone 
jetties  would  be  required  on  each  side,  to  prevent  the  opening  being 
filled  with  the  sand,  and  even  these,  unless  of  very  great  extent,  would 
be  of  doubtful  effect,  for  the  beach  is  composed  of  shifting  sand,  ex- 
posed to  the  full  force  of  the  ocean  waves. 

The  village  of  Wakefield  is  situated  at  the  head  of  this  pond,  and  if 
vessels  of  moderate  draught  could  be  made  to  reach  it,  the  people  would 
be  much  benefited;  but  the  cost  of  making  suitable  works  to  etfect  this 
would  be  so  great,  that  nothing  but  the  commerce  of  a  great  city  like 
New  York  would  justify  the  attempt.  There  an  artificial  harbor  costing 
millions  could  be  afforded,  and  only  under  its  shelter  could  the  beach 
be  kept  permanently  open.  I  therefore  submit  no  estimate  for  improve- 
ment. 

Very  respectfully, 

G.  K.  Warren, 
Major  of  E^ngineerSj  Bet.  Mo).  Qeti,^  if.  S,  A. 


Mepori  of  Mr,  Charles  It  Mather^  An8i«tant  Engineer, 

Engineer  Office,  United  States  Ariviy, 

Neicimtj  Ji.  /.,  December  19,  1873! 

Sir  :  I  liave  the  honor  to  submit  herewith  a  report  npon  a  survey  aud  examination 
of  the  Bonthern  portion  and  outlet  of  Point  Juditli  Pond,  Rhode  Island,  together  with 
snj^gestionH  for  establishing  navigable  communication  with  the  pond  and  ocean. 

In  acoordauoe  with  your  instructions  I  repaired  with  the  party  in  my  charge  to  Point 
Judith  Pond  on  August  2,  1873,  and  commenced  the  snrvey  of  the  pond  and  outlet  on 
AugiiHt  4,  1873,  completing  it  on  the  27th  of  that  same  mouth. 

Before  describing  the  survey  proper  I  will  endeavor  to  give  an  outline  of  the  position 
and  extent  of  the  poud«  together  with  some  description  of  its  feeders  and  wati^r-shed. 

The  Point  Judith  Pond  lies  in  a  comparatively  large  basin,  being  bounded  on  the 
ea«t  by  that  crest  of  hills  running  northward  along  the  west  shore  of  Narragausett  Bay, 
and  tiirning  inland  near  Narragansett  Pier,  and  bounded  on  the  west  side  by  that  slope 
of  country  running  to  the  westward  which  forms  the  east  side  of  the  water-shed  of  the 
Pawcatuck  River,  and  the  nameroas  ponds  located  on  the  sonthern  shore  of  Rhode 
Island. 
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The  southern  limit  of  the  pond  oommences  at  a  distance  of  some  2,000  to  4,000  feet 
from  the  ocean,  and  extends  northward  about  four  miles,  to  within  one-half  of  a  mile 
of  the  village  of  Wakefield.  It  here  narrows  practically  to  a  brook,  known  as  the 
Saugatucset  River,  which  extends  northward  some  five  miles,  having  for  feeders  two 
small  branches  named  Indian  River  and  Rocky  Brook. 

The  Saugatucset  and  branches  drain  that  portion  of  the  country  lying  some  five 
miles  back  of  Narragansett  Bay,  and  immediately  north  of  Narragansett  Pier,  while 
the  Pettaq uamscott  Kiver,  emptying  in  the  ocean  near  Narragansett  Pier,  does  the 
same  for  the  bay  slope. 

The  pond  itself  is  quite  irregular  in  its  conformation  of  shore-line,  and  is  interspersed 
with  numerous  islands,  varying  very  much  in  size.  The  lengtib  of  the  pond  is  about 
four  miles,  the  maximum  breadth  one  mile.  The  southern  limit  of  the  pond  is  a  large 
marsh,  interspersed  with  various  creek?.  This  marsh  bounds  the  entire  southeru  por- 
tion of  the  pond,  and  is  itself  limited  by  a  range  of  sand-hills,  of  some  25  feet  in 
height,  fronting  on  the  ocean  beach.  At  the  western  limits  of  these  hills  the  present 
'^breach''  or  opening  is. 

This  is  a  shallow  outlet,  of  nearly  constant  width  of  200  feet,  and  general  depth  of 
*li  feet. 

A  prominent  feature  of  the  pond  is  Great  Island,  lying  some  1,200  feet  north  of  the 
marsn,  and  almost,  if  not  entirely,  dividing  the  pond  into  two  distinct  portions  for  a 
distance  north  of  quite  a  mile. 

The  marsh  also  may  be  considered  an  important  feature  of  the  pond,  in  so  far  as  it 
pertains  to  the  future  regimen  of  the  same.  From  the  information  gained  while  on 
the  ground,  I  should  judge  that  the  northern  limit  of  the  marsh  was  gradually 
encroaching  on  the  limits  of  the  pond,  and  that  a  subsidence  of  the  matters  in  suspen- 
sion is  constantly  going  on,  which  has  and  is  increased  proportionally  to  the  diminished 
circulation,  caused  by  the  gradual  and  increasing  closing  of  the  *^  breach." 

The  changes  that  have  taken  place  in  the  pond  during  the  past  seventy  years  are 
very  marked.  Previous  to  1815  the  outlet  of  the  pond  to  the  ocean  was  on  the  east 
side  of  the  pond.  This  outlet  was  closed  by  the  '^ great  gale''  in  September  of  that 
same  year,  and  no  traces  now  exist  to  point  out  that  there  ever  was  an  outlet  there, 
except  the  stony  character  of  the  beach  near  the  old  outlet.  The  present  breach  is 
about  one  mile  west  of  the  former  opening,  and  its  shores,  being  entirely  of  sand,  are 
unstable  and  shifting. 

The  survey  extended  along  the  ocean-beach  south  of  the  pond  and  eastward  of  the 
same  to  within  1,000  or  1,500  feet  of  Point  Judith  light-house.  The  western  limit  of 
the  survey  is  some  700  or  800  feet  west  of  the  present  breach  or  outlet  of  the  pond, 
which  is  beyond  the  western  limit  of  the  pond  proper.  It  extends  north  (up  the  pond) 
to  a  point  locally  known  as  Beef  Island.  The  entire  survey  constitutes  an  area 
nearly  approximating  in  form  to  that  of  a  square  whose  sides  are  about  11,000  feet  in 
length. . 

■  The  method  of  cond noting  the  survey  consisted  in  first  covering  the  marsh  to  the 
south  of  the  pond,  and  also  the  ocean -beach,  with  lines  of  traverse,  closing  on  an  arbi- 
trary starting-point,  and  forming  a  polygon  of  some  twenty-three  sides,  the  angular 
correctness  of  which  was  determined  by  a  comparison  of  the  difference  of  the  right 
and  left  deflections  with  360^.  The  linear  measurements  were  tested  by  calculations  of 
the  latitudes  and  departure  of  the  traverse  Hues  and  comparisons  of  the  sums  of  the 
same.  The  linear  measurements  were  also  tested  by  platting.  To  prevent  any  gradual 
accumulation  of  small  and  uncertain  errors,  the  eastern  portion  of  the  polygon  was 
subdivided  into  a  smaller  one,  and  its  correctness  determined  as  before.  Upon  the 
accuracy  of  this  latter  polygon  the  position  of  all  the  stations  on  the  upper  portions  of 
the  pond  depended. 

The  shores  of  the  pond,  together  with  the  northern  limit  of  the  marshes,  were  located 
entirely  by  triangulation,  it  being  considered  that  this  would  be  economical  of  time, 
being,  in  fact,  the  only  practicable  way  to  locate  the  outlines  of  the  marsh  and  the 
numerous  creeks  therein. 

Stations  for  doing  this  were  located  on  the  east  and  west  shores  of  the  pond,  and  on 
the  same  shores  of  Great  Island,  by  a  system  of  triangulation  connecting  with  a  side 
of  the  smaller  polygon  just  previously  mentioned. 

A  tide-gauge  was  established  in  the  pond,  which  developed  the  fact  that  practically 
there  was  no  oscillation  of  tide  going  on  in  the  pond,  the  maximum  difiereuce  of  read- 
ings on  the  gauge  being  0.3  of  a  foot.  A  buoy -gauge  was  also  placed  in  the  ocean  and 
read  for  three  consecutive  days,  and  the  height  of  mean  low-water  established  bv  sub- 
tracting one-half  of  the  mean  rise  and  fall  of  the  tides,  as  given  by  the  United  States 
Coast  Survey,  from  the  mean  sea-level  determined  from  the  readings.  The  two  gauges 
were  connected  by  lines  of  level,  and  the  difiereuce  of  height  of  the  zeroes  of  the  gauges 
compared.  This  comparison  showed  mean  low-water  In  the  ocean  to  be  4.5  feet  below 
the  surface  of  the  pond  at  the  time  of  this  survey. 

Soundings  were  taken  inside  the  pond,  on  both  sides  of  Great  Island,  as  far  north  as 
gave  9  feet  and  over  in  the  west  passage  of  the  pond,  6  feet  being  the  limit  of  depth 
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obtained  on  the  east  side  of  Great  Island.  This  latter  depth  was  abont  the  maximnm 
to  be  obtaiue<l  in  the  east  passage.  In  the  ocean,  from  roint  Judith  west  to  within 
9,500  feet  of  the  present  breach,  soundings  were  taken  from  the  shore  to  a  depth  of 
ever  35  feet.  The  soundings  were  located  by  the  intersection  of  known  lines  of  sight 
'from  two  transits. 

The  wishes  of  the  people  consulted  in  the  matter,  relative  to  the  desired  improve- 
ment, seem  to  universally  be  that  the  pond  should  be  connected  with  the  ocean  in  such 
a  manner  that  v<)H8els  drawiug  from  7  to  8  feet  may  pass  into  the  pond.  The  object  of 
the  improvement  is,  however,  twofold: 

Vint.  To  give  commnnication  by  water  to  that  section  of  country  lying  near  the 
head  of  the  pond,  which  contains  quite  a  number  of  moderateiy-sized  manufacturing 
villagee,  or,  in  other  words,  to  give  that  section  an  opportnnijty  to  get  their  supplies 
and  send  off  their  exports  direct  by  water.  This  section  of  country  now  brings  a  large 
portion  of  the  former  to  Providence,  and  re-transports  them  by  rail  via  the  Providence 
and  Stonington  Railroad  to  the  station  on  that  roiul  nearest  to  the  ultimate  destination, 
from  which  station  they  are  brought  by  teams,  for  varying  distances,  to  the  desired 
place.  This  increase  of  transportation  and  consequent  expense  would  be  almost 
entirely  obviated  if  the  pond  were  connected  with  the  ocean  iu  the  manner  spoken  of 
in  the  preceding  paragraph. 

Second.  To  meet  the  wishes  of  the  fishing  interest,  as  during  the  winter  months, 
more  especially  in  former  years,  enormons  quantities  of  bass  and  perch  entered  the 
pond  during  this  season  of  the  year,  and  the  catching  of  these  fish  gives  employment 
to  numbers  of  men  living  near  the  pond.  I  have  been  informed  that  large  quantities 
of  oysters  were  formerly  obtained  in  the  pond,  but  have  now  almost  entirely  disap- 
peared, owing  to  the  impeded  circulation  in  the  pond  cansed  by  the  gradual  closing 
of  the  breach.  I  could  not  obtain  any  extended  information  as  to  what  might  be 
the  average  magnitude  of  these  fishing  interests,  but  have  been  informed  that  it 
reaches  the  sum  of  $20,000  per  season. 

The  plaivfor  making  a  navigable  connection  with  the  ocean  best  adapted  to  the  case 
is  the  construction  ot  a  canal  and  lock  connecting  the  pond  with  the  ocean.  This 
method  of  connection  may  be  considered  almost  necessary  on  account  of  the  difference 
of  level  between  the  pond  and  ocean.  This  would  satisfy  the  requirements  of  the  first 
object  of  the  improvement,  and,  if  the  second  should  be  considered  of  sufficient  im- 
portance to  warrant  an  expenditure,  the  present  breach  might  be  dredged  and  opened 
at  the  mouth  to  permit  the  more  easy  access  of  fi^h  to  the  pond. 

For  the  choice  of  location  of  the  canal  there  offer  two  places.  Oue  line  lies  on  the 
eastern  side  of  the  pond,  and  presents  in  its  favor  the  fact  that  the  ground  is  quite 
level  for  a  distance  of  at  least  one-half  of  its  length ;  for  the  remaining  distance  tnere 
is  a  gradual  rise  to  the  summit  of  the  beach.  The  hard  and  stony  character  of  the 
beacn  here  is  also  in  favor  of  this  location.  This  hardness  may  be  of  sufficient  char- 
acter and  depth  to  do  away  almost  or  entirely  with  artificial  means  to  preserve  the 
month  of  the  canal  from  filling  up. 

The  other  choice  for  a  line  of  canal  is  the  present  opening  or  breach.  The  only 
thin^  to  be  said  in  favor  of  this  location  is  the  level  character  of  the  surrounding 
manm  near  it,  extending  to  the  month  of  the  breach.  The  breach-creek  itself  is  tou 
crooked  to  be  made  use  of  as  a  canal  by  excavation  and  dretlging,  and  offers  the  fur- 
ther objection  of  the  extremely  unstable  and  shifting  character  of  its  month.  This  uu- 
Btableness  would  necessitate  the  construction  of  expensive  jetties  on  probably  both 
sides  of  the  opening  of  the  proposed  canal,  as  well  as  causing  the  building  of  them 
aome  distance  inland  to  prevent  the  possibility  of  the  sea  ever  breaking  over  the  beach 
and  sand-hills  near  the  opening. 

If  the  fishing  interests  were  alone  consulted  in  the  proposed  improvement,  the  pres- 
ent breach  rniglit  be  utilised,  by  dredging,  to  assist  the  wants  of  this  interest.  It  this 
were  done  it  would  still  be  necessary  to  protect  the  month  of  the 'breach  by  jetties, 
and  it  is  quite  (questionable  if  the  opening  could  be  successfully  secured  agaiust  the 
strong  probability  of  storms  closing  it  during  the  prosecution  of  the  work. 

Accompanying  this  report  is  a  map  of  that  portion  of  the  pond  and  ocean  within  the 
limits  of  the  survev,  on  a  scale  of  200  feet  to  the  inch.  This  map  is  illustrated  with 
sections  of  level  taken  at  characteristic  portions  of  the  beach,  sand*hills,  and  marsh,  <  n 
a  scf^e  of  100  feet  to  the  inch  horizontal  and  10  feet  vertical  distances. 

I  was  assisted  with  commendable  energy  and  earnestness  during  the  entire  survey  by 
Mr.  C.  L.  Howes,  civil  engineer,  Mr.  Edward  Iligginson,  and  Mr.  W.  P.  Chrystie. 
Very  respectfully, 

Chablbs  R.  Mathisr, 

AB9i8tant  Engineer, 
O.  K.  Warren, 

Jdajar  of  EngWteen  and  BvU  Map  Gen.,  XJ.  S»  4> 
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APPENDIX  Y. 

A>^^NUAL  REPORT  OP  LIEUTENANT-COLONEL  GBORGB 
THOM,  CORPS  OP  ENGINEERS,  FOR  THE  PISCAL  YEAR 
ENDING  JUNE  30,  1874. 

United  States  Engineer  Office, 

Fortland^  Me.^  Augmt  17, 1874. 
General:  I  have  the  honor  to  submit  herewith  my  annnal  reports 
upon  works  of  river  and  harbor  improvements,  and  of  examinations  and 
surveys  under  my  charge,  for  the  fiscal  year  ending  June  30, 1874. 
Very  respectfully^  your  obedient  servant, 

Geo.  Thom, 
liieut  Col,  of  Engimtr^  Bvt  Brig.  Oen.,  U.  8.  A. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  EngineerSj  U.  8.  A. 


Y  I, 

improvement  of  ST.  CROIX  RITER,  ABOVE  THE  "LEDGE,''  MAINK. 

The  following  appropriations  bave  been  made  for  the  improvement 
of  this  river : 

By  act  of  Congress  approTed  March  2, 1867 $15^  000  00 

By  act  of  Congress  approved  March  3, 1873 10,000  OO 

By  act  of  Congress  approved  June  23,1874 10,000  00 

Total 35,060  0^ 

The  act  of  March  2, 1867,  contained  a  proviso  that — 

The  province  of  New  Bmnswiek  eontrihute  and  pay  to  the  proper  disbnning  oflSoer 
a  like  sum  for  said  purpose ;  said  payment  being  made  on  condition  that  in  no  event 
shall  the  province  of  If  ew  Bmnswiek  be  called  upon  for  more  than  half  the  sum  ao* 
tually  expended  for  said  purpose. 

In  July,  1873,  information  was  received  by  the  Department  from  the 
minister  of  public  works  of  the  Dominion  of  Canada^  that  $25,0€0  had 
been  appropriated  by  Parliament— 

For  the  removal  of  slabs,  sawdnst,  and  other  obstractions  in  the  St.  Cr«ix  River, 
which  runs  betwedh  the  province  of  New  Bmnswiek  and  the  State  of  Maine. 

It  being  understood  that  the  Government  of  the  TTnited  States  had 
appropriated  a  certain  sum  for  the  same  purpose^  it  was  suggested — 

Whether  the  two  governments  might  not  act  jointly  in  the  matter. 

By  an  arrangement  made  between  the  United  States  Secretary  of 
War  and  the  minister  of  public  works,  (as  will  appear  in  the  accompa- 
nying correspondence,  marked  A,  1,2,3,4^5,)  this  work  was  intrusted 
to  Henry  F.  Perley,.e8q.,  engineer,  department  of  public  works,  and 
myself. 

With  a  view  to  deciding  upon  a  definite  plan  for  the  improvement  of 
this  river,  in  such  a  manner  as  would  meet  the  approval  of  both  govern- 
ments, an  accurate  survey  was  made  under  my  direetion  in  July,  Au- 
gust,  and  September^  1873^  of  that  portion  of  it  whieh  is  embraced  be- 
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tween  <Hhe  Ledge"  and  the  bridge  counecting  Calais,  Me.,  with  St.  Ste- 
phen, IN*.  B.,  a  distance  of  about  five  miles,  the  expenses  of  which  sur- 
vey have  since  been  equally  shared  by  the  two  governments.  A  project 
for  the  improvement  of  this  river  was  prepared  by  Mr.  Perley  andlny- 
self,  in  November  last,  the  drawing  explanatory  of  which  was  forwarded 
to  the  Department  in  March  last.  With  a  view  to  preparing  a  project 
for  this  work  under  the  additional  appropriation  of  $10,000,  made  by 
act  of  June  23, 1874, 1  addressed  a  communication  to  Mr.  Perley  to  as- 
certain what  action,  if  any,  had  been  taken  by  his  own  government  in 
this  matter ;  in  reply  to  which  (see  accompanying  copies  of  the  corres- 
pondence marked  £,  1, 2, 3)  I  was  informed  that  the  minister  of  public 
w(H*k8  would  not  consent  to  the  expenditure  of  any  portion  of  the  sum 
of  $25,000,  which  had  already  been  voted  by  that  government  for  this 
work,  until  thoroughly  satisfied  that  there  would  be  no  further  deposi- 
tion of  slabs  and  sawdust  from  the  mills  on  the  St.  Groix ;  arguing  that 
if  the  river  were  cleared  out  as  proposed  there  is  now  no  guarantee  that 
the  river  would  remain  in  a  state  of  efficiency,  but  would  soon  be  closed 
np  again  and  require  further  expenditure. 

These  views  entirely  coincide  with  my  own,  as  communicated  in  my 
report  to  the  Department  dated  September  10, 1867  ;  and  the  attention 
of  Congress  was  then  asked  to  the  matter,  with  a  view  to  such  legisla- 
tion as  might  be  necessary  to  prevent  the  future  obstruction  of  this  and 
other  rivers.  No  attention,  however,  appears  to  have  been  given  to  the 
matter,  so  that  there  does  not  now  exist  any  law  or  authority  sufficiently 
strong  for  effecting  the  desired  object.  Under  all  the  circumstances 
above  stated,  it  is  not  probable  that  any  further  work  will  be  undertaken 
at  present  for  the  improvement  of  this  river.  The  attention  of  Congress 
is  again  respectfully  asked  to  this  matter,  and  to  the  necessity  for  some 
general  law  to  protect  from  injury  and  obstruction  all  navigable  waters 
under  the  control  of  the  United  States,  aud  for  the  improvement  of 
which  Congress  has  already  made  or  may  hereafter  see  fit  to  make  ap- 
propriations. 

This  river  throaghoat  its  vrhole  extent  /orms  a  part  of  the  international  boundary ; 
and  that  portion  of  it  for  which  improvements  are  projected  lies  within  the  collection- 
district  oi  Passamaqnoddy^  the  nearest  port  of  entry  being  Calais,  Me. 

The  light-house  nearest  thereto  is  on  Dochet^s  Island,  in  St.  Croix  River,  about  eight 
miles  below  Calais;  and  the  nearest  fort  is  Fort  Sullivan,  at  Eastport,  Me.,  about 
thirty  miles  below  Calais. 

The  amount  of  duties  collected  at  the  port  of  Calais  for  the  fiscal  year  ending  June 
30, 1874,  and  the  extent  to  which  commerce  and  navigation  would  be  beneficed  on  the 
part  of  the  United  States  by  the  contemplated  improvement  of  this  river,  are  exhibited 
in  the  appended  statement  marked  C,  coarteoasly  furnished  by  the  deputy  collector  at 
that  port.  / 

Financial  statement 

Balance  in  Treasury  of  United  States  July  1,1873 $24,000  00 

Amount  in  hands  of  officer  and  subject  to  his  check,  (including  percentage 

duo  on  contracts  not  yet  completed) 983  2.5 

Amount  appropriated  by  act  approved  June  23, 1874 10,000  00 

Amount  expended  during  the  fiscal  year  ending  June  30, 1874 797  67 

Amount  available  July  f,  1874 34,185  58 


Correspondence  relative  to  proposed  improvemenU 

A  1. 

Ottawa,  July  14, 1873. 
Sir:  I  am  directed  by  the  minister  of  public  works  to  state  that  a  sum  of  $25,000  has 
bsen  appropriated  by  the  Parliament  of  the  Dominion  for  the  remaval  of  slabs,  saw- 


Digitized  by  LjOOQ  IC 


292  REPORT   OF   THE   CHIEF   OF   ENGINEERS. 

dnst,  and  other  obstructions  in  the  St.  Croix  River,  which  runs  between  the  province 
of  New  Brunswick  and  the  State  of  Maine,  and  that  it  is  understood  that  the  Govern- 
ment of  the  United  States  have  appropriated  a  certain  sum  for  the  same  purpose. 

I  am,  therefore,  to  request  you  will  be  pleased  to  inform  me  of  the  amount  of  the  said 
Appropriation,  the  nature  and  extent  of  the  work  to  be  executed,  and  whether  the  two 
Governments  might  not  act  jointly  in  the  matter. 

I  have  the  honor  to  be,  sir,  your  obedient  servant, 

F.  Braun, 

Secretary, 
The  Secretary  of  War, 

Washingtony  U.  S,  A. 


A  2. 

OmcK  OF  THE  Chief  of  Engineers, 

Washington,  D,  C,  July  21,  1873. 

Sir  :  The  letter  of  the  secretai-y  of  the  department  of  public  works  of  Canada,  of  the 
14th  instant,  in  reference  to  the  improvement  of  the  St.  Croix  River,  Maine,  and  stat- 
ing that  an  appropriation  has  been  made  therefor  by  the  Canadian  government,  ib 
herewith  respectfully  returned. 

The  act  making  appropriations  for  the  repairs,  &,c.,  of  certain  public  works,  &c.,  ap- 
proved March  2,  1867,  contains  the  following  item:  "For  the  purpose  of  improving  tbe 
navigation  of  the  St.  Croix  River,  Maine,  above  the  ledge,  fifteen  thousand  dollaiiB : 
Providedj  The  province  of  New  Brunswick  shall  contribute  and  pay  to  the  proper  disburs- 
ing officer  a  like  sum  for  said  purpose.  *  Said  payment  being  made  on  condition  that  in 
no  event  shall  the  province  of  New  Brunswick  be  called  upon  for  more  than  half  the 
sum  actually  expended  for  said  purpose."  The  co-operation  of  the  province  not  hav- 
ing been  obtained,  the  work  of  improvement  was  not  commenced. 

The  officer  in  whose  district  the  St.  Croix  River  lies.  Colonel  Thorn,  in  his  annnal 
report  to  this  office  dated  September  14,  1872,  states  that  for  an  accurate  estimate  of 
the  amount  that  is  required  for  entire  and  permanent  completion  of  the  improvement, 
a  careful  survey  would  be  necessary.  He  estimated  that  it  would  require  tne  removal 
of  not  less  than  100,000  cubic  yards  of  slabs,  edgings,  and  sawdust  to  make  a  channel 
100  feet  wide  and  10  feet  deep  at  low- water,  at  a  cost  of  about  $100,000,  ono-half  to  be 
paid  by  the  province  of  New  Brunswick. 

The  act  making  appropriations  for  the  repair,  preservation,  and  completion  of  certain 
public  works,  &c.,  approved  March  3, 1873,  has  an  item  *^for  the  improvement  of  the 
.  St.  Croix  River,  above  the  ledge,  Maine,  $10,000.*'    This  appropriation  contains  no  pro- 
viso, and  will  be  expended  by  the  officer  of  engineers  having  charge,  (Lieutenant- 
^  Colonel  Thom,)  as  soon  as  an  accurate  surve/  can  be  made  of  the  river  from  the  "  ledge  *' 
to  Calais,  the  head  of  navigation. 

This  survey,  it  is  expected,  wiU  be  made  during  the  present  month,  at  a  cost  of  about 
|1,000. 

The  amount  then  available  of  the  appropriation  of  March  2, 1867,  including 

the  $1,000  above  referred  to,  is $15,000 

Appropriated  March  3, 1873 10,000 

Total  available •- 25,000 

which  is  the  amount  appropriated  by  the  Dominion  of  Canada. 

It  is  respectfully  recommended  that  the  department  of  public  works  of  Canada  be 
requested  to  confer  with  Lieut.  Col.  George  Thom,  Corps  of  Engineers,  at  Portland, 
Me.,  in  regard  to  the  expenditure  of  the  anpropriation  made  by  the  Dominion  of  Can- 
ada, and  that  Colonel  Thom  be  authorizea  to  make  such  arrangements  with  the  Cana- 
dian authorities,  subject  to  the  approval  of  the  War  Department,  as  will  best  subserve 
I  the  interests  of  both  parties. 
tBy  command  of  Brigadier-General  Humphreys,  and  in  his  absence. 
Very  respectfully,  your  obedient  servant, 

J.  G.  Foster, 
Lieut  Col,  of  Engineers^  Bvt.  MaJ.  Gen.f  U,  S.  A, 
iHon.  W.  W.  Belknap, 

Secretary  of  War, 

Approved. 

By  order  of  Secretary  of  War. 

W.  T.  Barnard, 
AcHng  Chief  Clerk, 
July  23, 1873. 
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A  3. 

War  Department, 
Washington,  D,  C,  July  26,  1873. 
Sir  :  Id  reply  td  yoar  letter  of  the  14th  instant,  requesting  to  be  informed  of  the 
amouDt  appropriated  by  the  United  States  Government  for  the  removal  of  shibs,  saw- 
dust, and  other  obstructions  in  the  St.  Croix  River,  the  nature  and  extent  of  the  work 
to  be  executed,  and  whether  this  Government  could  not  act  jointly  in  the  matter  with 
the  Dominion  government,  I  have  the  honor,  in  the  absence  of  the  Secretary  of  War, 
and  by  his  direction,  to  invite  your  attention  to  the  inclosed  copy  of  the  Report  of  the 
Chief  of  Engineers  upon  the  subject,  dated  the  21st  instant,  with  request  that  the  de- 
partment of  public  works  of  Canada  confer  with  Lieut.  Col.  George  Thom,  Corps  of 
Engineers,  Portland,  Me.,  in  regard  to  the  expenditure  of  the  appropriation  referred  to 
in  your  letter;  Colonel  Thom  having  been  authorized  to  make  such  arrangements,  sub- 
ject to  the  approval  of  this  Department,  as  will  best  subserve  the  interests  of  both 
governments. 

Very  respectfully,  yoar  obedient  servant, 

W.  T.  Barnard, 

Acting  Chief  Clerk. 
Secretary  Department  of  Public  Works, 

Ottawa^  Canada. 


A  4. 

Office  of  the  Chief  of  Enginefjis, 

Washington,  D.  C,  August  2,  1873. 
Sir:  The  inclosed  copy  of  a  communication  from  the  minister  of  public  works  of  the 
Dominion  of  Canada  to  the  Secretary  of  War  upon  the  subject  of  the  improvement  of 
the  navigation  of  the  St.  Croix  River,  with  copies  of  letters  from  this  office  to  the  Sec- 
retary of  War  and  the  reply  to  the  Canadian  authority,  are  forwarded  to  you  for  your 
iaformatiou. 

You  will  perceive  the  department  of  public  works  has  been  requested  to  correspond 
with  you  in  regard  to  the  expenditure  of  the  appropriation  made  by  the  Canadian  Par- 
liament, and  you  are  authorized  to  make  such  arraugements,  subject  to  the  approval 
of  this  office,  as  will  best  subserve  the  interests  of  both  governments. 
By  command  of  Brigadier-General  Humphreys. 
Very  respectfully,  your  obedient  servant, 

Jno.  G.  Parke, 

Major  of  Engineers. 
Lieut.  Col.  George  Thom, 

Corps  of  Engineers. 

A  5. 

St.  John,  N.  B.,  Septemher  8, 1873. 
Sir:  I  am  instructed  by  the  honorable  the  minister  of  public  works  of  the  Dominion 
of  Canada  to  place  myself  in  communication  with  you«  relative  to  the  joint  expendi- 
ture of  sums  voted  by  the  Government  of  the  United  States  and  that  of  the  Dominion, 
for  the  purpose  of  improving  the  navigable  channel  of  the  St.  Croix  River. 

For  the  purpose  of  consulting  with  you  respecting  this  work,  I  purpose  calling  on 
you  on  Monday  morning  next,  the  15th  instant. 

If  this  suits  your  convenience,  will  yon  be  kind  enough  to  telegraph  me  to  that 
effect,  and  also  your  address. 

I  have  the  honor  to  be,  sir,  your  obedient  servant, 

Henry  F.  Perley, 
Assistant  Engineer,  Depart.  Public  Works. 
Lient.  Col.  Thom, 

Corps  of  Engineers,  U.  S.  A.,  Portland,  Me.,  U.  5. 


B  1. 

United  States  Engineer  Office, 

Portland,  Me.,  July  4,  1874. 
Dear  Sir  :  I  have  Just  been  advised  that  an  additional  appropriation  of  $10,000  has 
been  made  for  improving  the  navigation  of  St.  Croix  Kiver,  making  altogether  $35,000 
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appropriated  by  the  United  States  Govemment  for  that  work.    Will  yon  do  me  the 
favor  to  inform  me  what  action,  if  any^yoar  own  govemment  has  taken  in  this  matter, 
and  if  there  is  any  probability  that  yoa  will  be  able  to  do  anything  this  season  T 
Very  truly  yours,  &c.,  ' 

•  Geo.  Thom, 

Lieut  Col.  of  Engineers,  Bvt,  Brig,  Gen,,  C.  S,  A. 
Henry  F.  Pekiey,  Esq., 

Assistant  Engineer^  Department  of  Public  Works,  St,  Jokn^  N,  B, 


B  2. 

St.  John,  N.  B.,  July  13, 1874. 
Dear  Sir  :  Absence  from  St.  John  is  the  reason  why  I  have  not  replied  to  yours  of 
the  4th  instant  before. 

The  sum  of  $25,000  was  re-voted  at  the  last  session  of  Parliament  fi>r  the  improve- 
ment of  the  St.  Croix  River,  bnt  the  honorable  the  minister  of  public  works  states  that 
he  will  not  consent  to  the  expenditure  of  any  portion  of  that  amount  until  he  is 
thoroughly  satisfied  that  there  would  be  no  further  deposition  of  slabs  and  sawdust 
from  tne  mills  on  the  St.  Croix,  arguing  that  if  the  river  was  cleared  out  as  proposed 
by  your  plan  there  is  now  no  guarantee  that  the  river  would  remain  in  a  state  of 
efficiency,  but  would  soon  be  dosed  up  again,  and  require  further  expenditure. 
Yours,  faithfully, 

Hkkry  F.  Perlby. 
Bvt.  Brig.  Gen.  Thom, 

U,  S,  Engineer,  Portlandy  Me. 


B  3. 

United  States  Engineer  Office, 

Portland,  Me.,  July  If,  1874. 

Bear  Sir  :  I  have  to  acknowledge  the  receipt  of  your  letter  of  the  13th  instant, 
informing  me,  in  reply  to  mine  of  4tn  instant,  that  the  sum  of  $25,0tK)  was  re-voted  at 
the  last  session  of  Parliament  for  the  improvement  of  St.  Croix  River,  but  that  the 
honorable  the  minister  of  public  works  states  that  he  will  not  consent  to  the  expendi- 
ture of  any  portion  of  that  amount  until  he  is  thoroughly  satisfied  that  there  would 
be  no  further  deposition  of  slabs  and  sawdust  from  the  mills  on  the  St.  Croix,  arguing 
that  if  the  river  was  cleared  out  as  proposed  there  is  now  no  guarantee  that  the  river 
would  remain  in  a  state  of  efficiency,  but  would  soon  be  closed  up  again,  and  require 
further  expenditure. 

In  my  first  report  to  the  Chief  of  Engineers  on  the  iraproyement  of  this  river,  dated 
September  10, 1867, 1  stated  that  '*  while  the  causes  of  these  obstructions  to  navigation 
continue  in  operation,  [to  wit,  throwing  of  slabs,  edgings,  and  sawdust  into  the  river 
from  the  numerous  saw-mills  on  both  its  banks,  above  and  near  Calais,  Me.,  and  St. 
Stephen,  New  Brunswick,]  it  would  not  appear  to  be  advisable  to  expend  the  appropria- 
tion, viz,  $15,000,  made  by  act  of  March  2, 1867,  in  removing  them  until  a  sufficient  protec- 
tion should  be  given  to  the  channel  by  adequate  State  laws,  or  else  by  such  laws  of 
Cougi-ess  as  might  be  necessary  to  prevent  obstructions  or  other  injury  to  its  navigable 
waters.  To  this  matter  the  attention  of  Congress  was  asked  at  as  early  a  day  as 
practicable,  but  as  yet  no  action  thereon  has  been  taken. 

Now,  any  control  over  the  navigation  of  this  river,  forming  as  it  does  a  part  of  the 
international  bonndarv,  must  necessarily  be  derived  either  from  a  treaty  or  else  from 
joint  legislation  on  the  part  of  the  State  of  Maine  and  the  Dominiou  of  Canada,  by 
which  commissioners  may  be  empowered  to  prevent  any  further  injury  thereto  what- 
ever. At  present  there  does  not  appear  to  be  any  law  or  authority  sufficiently  strong 
for  effecting  this  object,  so  that  it  is  not  probable  that  any  further  steps  will  be  taken 
at  this  time  by  either  government  for  the  improvement  of  this  river  under  the  appro- 
priations made  therefor,  more  especially  as  the  act  of  Congress,  approved  March  2, 
1H67,  making  the  first  appropriation  for  this  work,  provides  that  *^  the  province  of  New 
Brunswick  shall  contribute  and  pay  to  the  proper  disbursing  officer  a  like  sum  for  said 
))urpoHe,  said  payment  being  made  on  condition  that  in  no  event  shall  the  province  ot 
New  Brunswick  be  called  upon  for  more  than  half  the  sum  actually  expended  for  said 
purpose." 

Very  respectfully,  your  obedient  servant, 

Gko.  Thom, 
Lieut.  Col.  of  Engineers,  Bvt.  Brig.  Gen.,  V.  S.  A. 

Henry  P.  Pbrley,  Esq., 

Assistant  Engineer,  Department  of  Public  Works,  Dominion  of  Canada,  St.  John.  N.  B, 
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C. 
Commercial  $taUetics. 

CuSTOM-HoUSE, 

Calais,  Me.,  July  31,  1874. 

Statement  showing  araonnt  of  revenue  «olleeted  at  this  port  during  fiscal  year  ending 
Jane  30, 1874 ;  also  other  statistics  relating  to  the  business  of  this  port  during  the 
same  i>eriod. 

Revenue  collected |31,000  00 

DometUe  exporU. 

Long  lumber,  superficial  feet 82,000,000 

Laths 68,000,000 

Shingles 38,000,000 

Pickets 868,000 

Spool-stuff 246,000 

Posts  and  railroad-ties 55,000 

Clapboards 50,000 

Ship-knees 68,000 

Hoops 200,000 

Calcined  plaster,  barrels 40,000 

Sand-plaster,  casks 12,000 

Foreign  export$» 
Long  lumber,  superficial  feet 2,500,000 

Foreign  imports* 

Rock-plaster,  tons 8,144 

Dftmestie  imp&ris^ 

Flour,  barrels -.  28, 00^ 

Corn,  bushels 128,00^ 

Pork  and  beef;  barrels 3,500 

Coal,  tens 3,100 

Lime,  casks 6,530 

Arrivals  of  tfessds. 

Domestic 1,029 

Foreign 70 

Clearances  of  vessels. 

Domestic .- 1,004 

Foreign 87 

Vessels  huUt. 
Sixteen  schooners,  total  tonnage 2,635 

Vessels  rebuilt 

Four  sehoonecB,  total  tonnage 474 

Repaired  at  dry^doek  and  railways. 
One  hundred  and  eighty  vessels.  ^ 

River  open  for  navigation  300  days. 

W.  M.  Haycock, 
Deputy  Collector  and  Inspector. 


Y2. 

IMPROVEMENT  OF  MACHIA8  RIVER,  MAINE. 

The  following  appropriations  have  been  made  for  the  improvement  of 
this  river,  viz : 

By  act  of  Congress  approved  March  3, 1873 $12,000  00 

By  act  of  Congress  approved  June  23, 1874 10,000  00 

Total .' 22,000  00 
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With  a  view  to  improving  the  navigation  of  this  river,  a  survey  of  it 
was  made  in  1872,  showing  that  it  was  formerly  navigable  at  mean  low- 
watery  from  its  mouth  at  Machiasport  up  for  a  distance  of  five  miles 
to  the  falls  of  Machias  for  vessels  of  6-foot  draught,  the  average  rise 
and  fall  of  the  tides  being  13^  feet^  that  there  is  a  good,  unobstructed 
channel,  with  18  feet  of  water,  at  mean  low-water,  as  far  up  as  the  mouth 
of  East  Machias  River,  (being  about  four  miles  below  the  falls  at 
Machias;)  and  thence  up  one  mile  to  the  draw-bridge  between  Machias- 
port and  East  Machias,  a  good  12-foot  channel.  Above  the  draw-bridge 
for  a  distance  of  about  two  miles  (being  to  a  point  about  one  mile  below 
the  falls)  the  channel  has  not  less  than  6  feet  of  water  at  mean  low- 
water  for  a  width,  except  in  oub  locality,  of  not  less  than  150  feet. 
Above  that  point  the  channel  becomes  narrow  and  tortuous,  not  having 
a  greater  depth  than  3  feet  at  mean  low-water,  owing  to  the  obstruc- 
tions (known  as  the  "  middle  ground")  caused  chiefly  by  the  waste 
from  the  saw-mills  at  and  above  tbe  falls. 

In  order  to  so  improve  the  navigation  of  this  river  as  to  meet  the 
requirements  of  its  commerce,  it  is  recommended  that  its  channel  be  so 
enlarged  as  to  have  a  depth  of  6  feet  at  mean  low-water  for  a  width  of 
150  feet,  all  the  way  up  to  the  wharves  at  Machias.  To  effect  this 
would  require  the  removal  of  the  following  obstructions,  viz: 

.  1.  Shoal  near  dratc-h-idge. — ^This  eonsiHts  mostly  of  mud  aDd  saw-dust,  inter- 
mixed with  a  few  logs  and  slabs,  and  requires  the  excavation  of  1,300 
cubic  yards,  the  estimated  cost  of  which,  at  50  cents |650  00 

2.  Shoal  or  narrows  off  Libby  Head, — This  consists  af  mud  and  saw-dust, 

5, 100  cubic  yards  at  50  cents 2,550  00 

3.  The  "  middle  ^oiinf?."— This  consists  of  about  42, 300  cubic 
yards  of  mud  and  saw-dust,  the  estimated  cost  of  re- 
moving which,  at  50'ceut8 $21, 150  00 

and  14, 000  cubic  yards  of  slabe  and  edgings,  at  60  cents ....        8, 400  00 

29,550  00 

4.  Middle  Rock, — To  remove  this  to  a  depth  of  one  foot  below  the  plane  of 
mean  low-water  would  require  1,553  enbic  yard»  of  excavation,  which, 

at  $6.75  per  cubic  yard,  (the  price  contracted  for,)  would  amount  to....      10,482  75 
adding  for  engineering  expenses  and  other  coutingeneies,  say 4, 767  25 

Total 48,000  00 

Amount  appropriated  by  acts  of  March  3,  1873,  and  June  23, 1874,  as 

above 22.000  00 

Additional  amount  required  for  completing  this  work 26, 000  00 

On  the  23d  of  June,  1873,  a  contract  was  made  with  Mr.  Edouard  M. 
Le  Prohon,  of  Portland,  Me.,  for  the  removal  of  Middle  Rock,  at  $6.75 
per  cubic  yard,  under  the  appropriation  of  March  3, 1873.  On  the  14th 
of  July  he  commenced  work,  and  continued  it  with  energy  up  to  the 
10th  of  i^ov^mber,  1873,  when,  on  account  of  the  high  stage  of  the  river, 
he  was  obliged  to  suspend  operations  until  spring.  About  the  1st  of 
June,  1874,  operations  were  resumed  for  a  few  days,  but  owing  to  the 
high  and  unfavorable  condition  of  the  river  they  were  again  suspended 
until  about  the  Ist  of  July.* 

After  having  completed  the  removal  of  Middle  Rock,  in  Machias  Har- 
bor, which  is  by  far  the  most  important  improvement  of  this  river,  the 
work  that  will  then  remain  to  be  done  consists  in  the  excavation  of 
about  63,000  cubic  yards  of  slabs,  edgings,  saw-dust,  &c.,  from  the  chan- 
nel between  Machias  Village  and  the  draw-bridge.  For  this  work  there 
will  be  an  available  balance  of  about  $11,500  of  the  appropriations 
hitherto  made,  which  is  to  be  applied  to  the  deepening  of  the  channel 

*  Ob  the  28th  of  July,  1874,  this  work  was  completed  down  to  au  average  depth  of 
about  one-half  a  foot  below  the  plane  of  mean  low-water. 
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at  tlie  "  middle  ground,^  where  obstructed  by  slabs,  edgings,  and  saw- 
dust thrown  in  from  the  mills  above.* 

The  benefit  to  be  derived  from  this  expenditure,  or  from  any  future 
appropriation  for  the  work,  will  be  but  temporary,  unless  Congress 
shall,  by  suitable  legislation,  protect  this  river  ifrom  injury  and  obstruc- 
tion hereafter  in  the  same  manner  as  recommended  for  the  St.  Croix 
and  Penobscot  Rivera, 

Firiancial  statement. 

BalanceinTreasory  of  United  States  July  1,1873 $11,000  00 

Amount  in  handn  of  officer  and  sabject  to  bis  check 950  84 

Amonn t  appropriated  by  act  approved  June  23, 1874 10, 000  00 

Amount  expended  during  the  iiscal  year  ending  June  30,  1874 5, 504  44 

Amount  available  July  1, 1874 14.758  90 

Amountrequiredfortne  fiscal  year  eliding  June  30, 1876 26,000  00 


Y3. 

IMPROVEMENT  OF  NARRAGUAGUS   RIVER,  MAINE. 

The  navigation  of  this  river  from  its  mouth  in  Millbridge  up  to  tlie 
head  of  navigation  at  the  bridge  in  Gherrytield,  a  distance  of  about 
seven  miles,  has  hitherto  been  much  obstructed  by  numerous  ledges, 
bars  formed  of  slabs,  edgings,  and  saw-dust,  and  a  very  large  number 
of  sunken  bowlders. 

For  the  improvement  of  this  liver  the  following  appropriations  have 
been  made,  viz : 

By  act  of  Congreas  approved  March  3,  1871 $12,000  00 

By  act  of  Congress  approved  June  10, 1872 10,000  OO 

Total 22,000  OO 

Of  this  amount  there  was  unexpended  on  the  Ist  of  July,  1873. . .  $4, 763  89 

Up  to  this  period  about  4,900  tons  of  ledge  and  bowlders  and  2,000 
cubic  yards  of  slabs  and  edgings  had  been  removed  from  the  channel 
and  bed  of  the  river. 

These  operations  were  continued  from  the  1st  of  July,  1873,  until  the 
middle  of  October,  during  which  time  the  following  additional  work  has 
been  done,  viz : 

535  tons  of  sunken  ledge  and  bowlders  removed  from  the  falls  and  in  its  vicinity 

below ; 
500  tons  of  sunken  ledge  and  bowlders  removed  from  Freeman's  Point  and  its  vicinity ; 
300  tons  of  sunken  ledfj^  and  bowlders,  removed  between  Freeman's  Point  and  the 
bridge  at  Cherryheld ; 
3,  400  cubic  yards  of  slabs,  edgings,  and  saw-dust  removed  below  Freeman's  Point ; 
1,600  cubic  yards  of  slabs,  edgings,  and  saw-dust  removed  between  Freeman's  Point 
and  tbe  bridge; 

.^faking  a  total  to  date  of  over  3,000  cubic  yards  of  sunken  ledges  and 
bowlders,  and  7,000  cubic  yards  of  slabs,  edgings,  and  sawdust  which 
have  been  removed  from  the  channel  and  bed  ot  the  river;  all  which  has 
been  done  with  hired  labor. 

In  addition  to  this  work  a  large  wrought'-iron  (9-ineh)  spindle,  with 
day-mark,  has  been  placed  upon  Hnlf-Tide  Rock,  at  Millbridge.    Two 

*  On  the  15th  of  August,  1874,  invited  proposals  were  opened  for  this  work,  and  a 
contract  therefor  was  awarded  to  Messrs.  Curtis,  Fobes  &  Co.,  of  Portland,  Me.,  fur 
18,000  cubic  yards  of  dredging,  (they  being  the  lowest  of  two  bidders,)  ut  60  cents  per 
cubic  yard. 
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spar-buoys  have  also  been  placed  on  the  ledges  on  each  side  of  the  nar- 
row channel  near  Small's  Point,  and  two  more  on  the  ledges  below  "  the 
falls." 

This  completes  all  the  work  that  has  been  projected  for.  the  improve- 
ment of  this  river,  whereby  the  appropriations  made  therefor  have  been 
totally  exhausted. 

By  this  work  the  navigation  of  this  river  has  been  greatly  improved 
in  its  safety  and  depth  of  channel ;  so  much  so,  that  coasting  vessels  of 
light-dranght,  with  center-boards,  have  of  late,  for  the  first  time,  been 
running  to  and  from  the  wharves  at  Gherryfield,  taking  out  lumber  and 
other  products  of  the  country,  and  returning  with  coal  and  general  mer- 
chandise, without  transshipment,  as  formerly,  at  Millbridge. 

Finwimal  statement 

Balance  in  Treasury  of  United  Btates  July  1, 1873 $3,000  00 

Amount  in  hands  of  officer  and  subject  to  his  check 1, 763  89 

Amonnt  expended  during  the  fiscal  year  ending  June  30, 1874 4, 763  SB 


Y4- 

IMPROVEMENT  OF  SULLIVAN  RIVER  AND  SULLIVAN  FALLS,  MAINE. 

This  river  is  navigable  from  its  month  up  to  Franklin,  a  distance  of 
about  nine  and  a  htdf  miles.  Hitherto  it  has  been  seriously  obstructed 
and  its  navigation  endangered  by  Hatcher's  Bock  and  numerous  other 
ttunken  ledges  in  "  the  falls,"  and  by  the  stone  foundations  of  several 
bridge-piers  one  mile  above  ^*  the  falls." 

For  the  improvement  of  this  river  and  "  the  falls,"  the  following  ap- 
propriations have  been  made  by  Congress,  viz : 

By  act  of  March  3, 1871 $10,000 

By  act  of  Jane  10, 1872. 25,000 

Total 35,000 

Under  the  appropriation  of  March  3, 1871,  a  contract  was  made  May 
8,  1871,  with  Mr.  George  W.  Townsend,  of  Boston,  Mass.,  the  lowest  bid- 
der^ at  $35  per  cubic  yard^  for  removing  270  cubic  yards  of  Hatcher's 
Bock.  This  work  was  completed  on  the  1st  of  August,  1871,  by  which 
an  increased  depth  of  4  feet  was  obtained  over  the  rock,  giving  3^  feet 
at  mean  low-water,  or  11}  feet  at  mean  high- water. 

Under  the  appropriation  of  June  10, 1872,  a  contract  was  made  August 
26,  1872,  with  the  same  party,  who  was  the  only  bidder,  for  the  fol- 
lowing work,  viz : 

V  Removing  two  or  more  bridge-piers,  to  a  depth  of  10  feet  below  mean  low- 
water,  at  (each  pier) $3,000 

2.  Blasting  out  Hatcher's  Rock,  to  a  depth  of  7  feet  at  mean  low- water,  147 

cubic  yards,  at  $35 5,145 

3.  Blasting  out  to  same  depth  the  Point  of  Ledge  near  Hatcher's  Rock,  24  cubic 

yanla.at*35 : 840 

Up  to  the  1st  of  Jnly,  1873,  the  following  work  had  been  done  under 
this  contract,  viz : 

Three  bridge-piers  if Kos.  4, 5,  and  6,  counting  from  the  northern  or  Sullivan  shore ) 
removed  to  a  depth  or  10  feet  below  mean  low-water,  and  the  partial  breaking  up  of 
the  Point  of  Ledge  in  *'  the  falls''  near  Hatcher's  Rock. 

Since  the  Ist  of  July,  1873,  the  work  on  Hatcher's  Eock  and  the  Point 
of  Ledge,  near  it,  has  been  carried  on  with  commendable  energy  by  the 
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contractor  and  satisfactorily  completed  in  accordance- with  tbe  require- 
meuts  of  the  contract  of  Angnst  26, 1872,  in  addition  to  which,  85  cubic 
yards  of  sunken  ledge  have  been  removed  from  ^Hhe  falls,"  as  author- 
ized by  the  Department,  on  the  same  terms  as  contained  in  tiie  contract, 
viz,  $35  per  cubic  yard.  The  foi^egoing  work  was  completed  in  Decem- 
ber, 1873,  leaving  a  balance  available  for  additional  work  of  $3,951.41. 

By  the  extension  of  the  survey  made  in  November,  1873,  of  "the 
falls,"  several  dangerous  sunken  ledges  were  discovered,  which  it  was 
decided  should  be  removed,  the  work  to  be  done  by  contract  after  ad- 
vertising for  proposals  therefor.  On  the  1st  of  May,  1874,  a  contract 
was  made  with  Mr.  Edouard  M.  LeProhon,  of  Portland,  Me.,  for  the 
removal  of  these  ledges  to  a  depth  of  7  feet  below  mean  low-water,  (al- 
together about  100  cubic  yards,)  at  $34  per  cubic  yard,  as  measured  in 
situ.  In  the  latter  part  of  June  operations  were  commenced  under  this 
contract. 

The  progress  made  in  the  improvement  of  this  river  and  ^^  the  falls," 
np  to  the  1st  of  July,  1874,  therefore,  consists  in — 

1.  The  removal  of  Hatcher's  Rock  and  the  Point  of  Ledge  near  it,  together  with  85 
cnbio  yards  of  sunken  ledge  in  "  the  falls/'  to  a  depth  of  7  feet  below  mean  low-water, 
or  11^  feet  below  mean  high- water. 

2.  The  removal,  to  a  depth  of  10  feet  below  mean  low-water,  of  three  bridge-piers 
above  '*  the  falls,''  affording  a  channel  for  that  depth.  350  feet  iu  width. 

3.  Wrouffht-iron  spindles,  with  day-marks,  have  been  placed  upon  Half -Tide  Rock 
and  Low-Water  Rock,  about  one  mile  below  Sullivan,  and  a  spar-buoy  on  Crabtree 
Ledge,  near  the  mouth  of  the  river.  Two  spar-buoys  have  also  been  placed  to  mark 
the  new  channel  opened  through  the  bridge-piers. 

In  addition  to  the  foregoing  work,  a  contract  has  been  made  for  the 
removal  of  all  the  remaining  dangerous  sunken  ledges  from  the  chan- 
nel of  ^'  the  falls,"  to  a  depth  of  7  feet  at  mean  low- water,  to  be  com- 
pleted on  or  before  the  1st  of  September,  1874. 

This  comprises  all  the  work  that  is  projected  for  the  improvement  of 
this  river  and  *^  the  falls,"  for  doing  which  the  available  funds  are  suf- 
ficient. 

Financial  statement. 

Balance  in  Treasnry  of  the  United  States  July  1, 1873 $16, 000  00 

Amount  in  hands  of  officer  and  subject  to  his  check,  (including  $1,:^0  per- 
centage due  on  contracts  not  yet  completed) 1,852  03 

Amount  exp6nde<l  duriug  the  fliical  year  ending  June  30, 1874 • 13,921  30 

Amount  available  July  1,1874 3,930  73 


Y  5. 

IMPROVEMENT  OF  PENOBSCOT  RIVER,  MAINE. 

The  navigation  of  this  river  has  hitherto  been  much  obstructed  by 
sunken  rocks  and  shoals  in  the  harbor  of  Bangor,  and  as  far  down  as 
Crosby's  Narrows,  distant  about  three  and  one-half  miles.  These  shoals 
are  chiefly  composed  of  slabs,  edgiugs,  and  sawdust  thix>wn  in  from  the 
numerous  saw-mills  at  Bangor  and  above.  The  sunken  rocks  are  all  in 
the  harbor  of  Bangor,  aud  are  known  as  Independence  liock,  Steam- 
boat Wharf  Ledge,  ledge  oflf  Dole's  Planing- Mill  vyharf,  Green's  Pier 
Ledge,  and  others. 

The  work  projected  for  the  improvement  of  this  river  consists — 

1.  In  enlarf(ing  and  straightening  its  channel  through  the  several  bars  anil  shoals, 
so  as  to  have  a  width  of  not  less  than  200  feet  and  a  depth  of  12  feet  below  the  plane 
of  low-water  (or  25  feet  at  high- water)  in  the  lowest  stages  of  the  river ;  aud 
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2.  In  breaking  np  q^d  removing  all  the  sunken  rocks  down  to  a  level  of  the  general 
bed  of  the  river,  so  as  to  have  not  less  than  7  feet  of  water  over  them  at  low- water  in 
the  lowest  stages  of  the  river,  which  will  give  aboat  9  feet  in  its  ordinary  summer 
stage,  except  for  Green's  Pier  Ledge,  which  is  to  have  bat  5  feet  over  it  at  mean  low- 
water. 

For  this  work  the  following  appropriations  have  been  made,  viz  : 

By  act  of  Congress  approved  July  11*  1870 $15,000  00 

By  act  of  Congress  approved  March  3,  1^71 50,000  00 

By  act  of  Congress  approved  June  10, 187*2 40,000  00 

By  act  of  Congress  approved  March  3,  1H73 20,000  00 

By  act  of  Congress  approved  June  23,  1874 20,000  00 

Total 145,000  00 

Of  this  amount  there  had  been  expended,  up  to  July  1, 1873,  the  sum  of  $52,189.93. 

The  progress  made  in  this  work,  up  to  July  1, 1874:,  is  as  follows,  viz : 

I. — SUNKEN  ROOKS, 

Tods. 

1.  Removed  from  Steamboat  Wharf  Ledge,  abont 1,000 

2.  Removed  from  Independence  Rock,  about 880 

3.  Gulliver's  Rock,  wholly  removed,  about , 80 

4.  Green's  Pier  (outer)  Ledge,  about 115 

The  above  work  was  done  previous  to  July  1, 1872,  after  which  (August 
26,  1872,)  a  contract  was  made  with  Mr.  George  W.  Townsend,  of  Boston, 
Mass.,  (the  only  bidde'|)  for  removing  to  the  required  depth  the  remain- 
ing portions  of  the  following  ledges,  at  the  prices  stated,  viz : 

1.  Independence  Rock,  (106  cubic  yards) $7,440  00 

2.  Steamboat  Wharf  Ledge,  (150  cubic  yards) 6,000  00 

3.  Ledge  off  Dole's  Planing-Mill  Wharf,  ( 194  cubic  yards) 7, 760  00 

Total,  (530  cubic  yards) .• 21.200  00 

Under  this  contract  the  removal  of  Steamboat  Wharf  Ledge  was 
completed  in  September,  1873,  to  the  depth  culled  for ;  the  removal  of 
eth  ledge  off  Dole's  Planing-Mill  Wharf  and  of  Independence  Rock  is 
nearly  completed,  with  a  probability  that  both  will  be  completed  before 
the  close  of  the  present  season. 

A  contract  was  also  made  on  the  21st  of  Jnne,  1.873,  with  Mr.  George 
A.  Bailey,  of  Boston,  Mass.,  for  the  removal  of  about  500  cubic  yards  of 
Green's  Pier  Ledge,  at  $29  per  cubic  yard,  measured  in  situ.  This  work 
has  been  deferred  until  the  removal  of  the  overlying  muss  of  logs,  bal- 
last, &c.,  which,  having  recently  been  completed,  it  is  probable  that 
work  upon  the  ledge  itself  will  be  commenced  at  an  early  day. 

II.— SHOALS. 

On  the  31st  of  May,  1873,  a  contract  was  made  with  Messrs.  Curtis, 
Fobes  &  Co.,  of  Portland,  Me.,  for  removing  from  the  channel  near 
Bangor  about  30,000  cubic  yards  of  slabs,  edgings,  &c.  They  were  sub- 
sequently obliged  to  build  a  dredging-machine,  with  scows  specially 
adapted  to  this  work,  so  that  they  were  not  able  to  commence  operations 
until  the  middle  of  September,  1873,  which,  however,  they  were  forced 
to  suspend  on  the  23d  of  October  following,  owing  to  the  high  stage  of 
the  river.  The  very  unusual  continuance  of  the  freshet  has  prevented 
the  resumption  of  dtedging  operations  since  that  time.* 

Very  slow  and  unsatisfactory  progress  has  been  made  since  1871,  un- 
der the  Boschke  contract  of  May  27,  1871,  and  nothing  wliatever  has 
been  done  under  it  since  1872,  although  every  reasonable  facility  has 

*  Dredging  operations  were  resumed  July  9,  lt:^4|  with  favorable  results. 
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,  been  aflforded  in  extension  of  time  and  otherwise.  There  being:,  more- 
over, sufiBcient  grounds  for  believing  that  the  original  contractor  had 
transferred  all  his  interest  to  other  parties  who  had  not  the  requisite 
facilities  and  means  for  continuing  the  work,  and  all  the  machinery 
which  had  previously  been  used  on  the  work  having  passed  into  other 
hands,  it  was  decided  to  annul  the  contract,  under  the  authority  there- 
in contained,  as  reported  to  the  Department  in  letter  of  June  8,  L874. 

The  present  condition  of  the  work  projected  for  the  improvement  of 
this  river  is  as  follows,  viz : . 

Contracts  have  been  made  for  removin;; — 

1.  AU  the  sunken  ledges,  some  of  which  have  been  removed,  and  the  remainder 

frobably  wiU  be  before  the  close  of  the  present  season,  with  the  exception  of  Green's 
ier  Ledge,  on  which  some  progress  will  be  made,  with  a  probability  of  its  completion 
early  next  season. 

2.  Contracts  have  also  been  made  for  the  removal,  to  the  extent  contemplated,  of  all 
the  shoals  formed  by  the  accnmnlation  of  slabs,  edgings,  dec. 

So  that  the  only  work  that  now  remains  to  be  provided  for,  in  order 
to  complete  the  projected  improvement  of  this  river,  consists  in  the 
excavation  of  a  channel  through  the  gravel-bar  opposite  the  city  of 
Bangor,  (which  at  present  has  but  6  feet  of  water  over  it  at  mean  low- 
water  in  the  lowest  stages  of  the  river,)  so  as  to  have  a  depth  of  12  feet 
in  those  stages  for  a  width  of  200  feet.  This  work  will  require  the  ex- 
cavation of  about  90,000  cubic  yards  of  gravel  and  sand,  with  some 
bowlders,  the  estimated  cost  of  which,  including  contingencies,  is 
$70,000. 

The  amount  of  fnnds  that  are  available  for  the  improvement  of  this  river 

July  1, 1874,  (including  percentage  due  on  contracts  not  yet  completed,)  is  |83, 014  99 

Of  this  amount,  the  following  sums  are  required  to  meet  the  unfinished 
contracts,  viz : 

1.  Removal  of  Independence  Rock 7, 440  00 

9.  Removal  of  ledge  off  Dole's  planing-mill  wharf 7, 7H0  00 

3.  Removal  of  Green's  Pier  Ledge,  say 15,  000  00 

4.  Excavation  of  sla1)e  and  edgings,  nnder  contract  of  May  31, 1873 25, 000  00 

5.  Retained  percentage  on  nnfinished  contracts 1, 200  00 

6.  Contingencies,  say 6,614  99 

Total 63,014  99 

LfSaving  available  for  removing  the  gravel-bar  at  Bangor* 20, 000  00 

Additional  amount  reqnired  for  its  completion 50, 000  00 

which  amount  could  be  expended  therein  to  advantage  dnring  the  fiscal  year  endinir 
Jano  30, 1876.  * 

The  attention  of  the  Department  is  respectfully  called  to  the  neces- 
sity for  some  legislation  or  action  on  the  part  of  the  United  States  Gov- 
ernment to  prevent  further  injury  and  obstruction  to  the  navigation  of 
this  river  by  the  throwing  in  of  mill-waate.  At  the  present  time  an 
enormous  quantity  of  sawdust  is  being  daily  thrown  into  the  river  by 
certain  mill-owners  near  Bangor,  to  the  very  great  injury  of  its  naviga- 
tion, which  it  is  more  than  probable  the  United  States  Government  will 
be  called  upon  at  no  distant  day  to  remove. 

Financial  statement 

Balance  in  Treasnry  of  United  States  July  1, 1873 $60,000  00 

Anionnt  in  hands  of  officer  and  subject  to  his  check 12,810  07 

Amount  appropriated  by  act  approved  June  23, 1874 20, 000  OO 

Anoonnt  expended  dnring  the  flscal  year  ending  June  30, 1874 9, 795  08 

Amount  available  July  1, 1874 81,814  99 

Amount  required  for  the  fiscal  year  ending  June  30, 1876 50, 000  00 

•  Proposals  were  received  for  this  work  on  the  15th  of  Angust,  1874,  and  the  contract 
waa  awarded  to  Messrs.  Curtis,  Fobes  &  Co.  (the  lowest  responsible  bidders)  for  25,000 
cubic  yards  of  dredging,  at  73  cents  per  cubic  yard. 
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Y  6. 
IMPROVEMENT  OF  CAMDEN  HARBOR,  MAINE. 
The  work  projected  for  the  improvement  of  this  harbor  consists  in — 

1.  Regulating  the  en  trance,  by  dredging,  between  Portland  steamer 
and  Sanford's  steamer  wharves,  and  dredging  a  channel  100  feet 
wide,  1,000  feet  long,  and  7  feet  deep  at  mean  low-water  from 
said  entrance  to  the  bead  of  the  wharves  on  the  easterly  side  of 

the  harbor;  amount  of  excavation 46, 500  cubic  yards. 

2.  For  dredging  a  channel  60  feet  wide,  1,400  feet  long,  and  4  feet 
deep  at  mean  low-water,  on  westerly  side  of  the  harbor  to  the 
head  of  the  wharves,  and  connecting  with  the  above-mentioned 
improvements;  amount  of  excavation 13, 500  cubic  yards. 

Addition  of  25  per  cent,  for  loosening  of  material  by  dredging....  15, 000  cubic  yards. 

Total 75, 000  cubic  yards. 

The  estimatcHil  cost  of  which ,  at  40  cents  per  cubic  yard,  is $30, 000 

Adding  for  engineering  expenses  and  other  contingencies 3, 000 

Total ..^ 33,000 

By  act  of  Congress  approved  March  3, 1873,  there  was  appropriated  for  the  im- 
provement of  this  harbor  the  sum  of $10,000 

And  by  act  of  June  23,  1874 10,000 

Total 20,000 

In  conformity  with  a  project  for  improving  this  harbor  under  the 
appropriation  of  March  3,  1873,  a  contract  was  made  May  14, 1873,  with 
Mr.  Franklin  Mead,  of  Littleton,  Mass.,  for  20,000  cubic  yards,  more  or 
less,  of  dredging,  at  40  cents  per  cubic  yard.  On  the  25th  of  July,  1873, 
operations  were  commenced  under  this  contract,  and  were  continued  to 
completion  on  the  25th  of  October,  1873,  resulting  in  22,753  cubic  yards 
of  dredging.  By  this  work,  whereby  the  appropriation  was  wholly 
exhausted,  a  good  channel  was  opened  to  a  depth  of  not  less  than  7 
feet  at  mean  low-water,  (or  10}  feet  at  mean  high-water,)  and  for  a 
width  of  50  feet  and  more,  extending  from  deep  water  near  the  Portland 
steamer  wharf  to  above  the  upper  w'harves  on  the  eastern  side  of  the 
harbor. 

The  appropriation  of  810,000,  made  by  act  of  June  23, 1874,  is  to  be 
applied  as  follows,  viz : 

1.  Opening  the  chaunel  on  the  western  side  of  the  harbor,  up  as 
far  as  contemplated,  (viz,  Aldeu's  wharf,)  for  a  width  of  50  feet 
and  a  depth  of  4  feet  at  mean  low- water,  above  Carletou's  wharf, 
and  increasing  from  4  feet  to  7  (below  Carleton's  wharf)  for  a 
distance  of  about  300  feet  until  it  meets  the  new  eastern  7-foot 

chaunel,  requiring  the  dredging  of  about  16,000  cubic  yards 16, 000  cubic  yards. 

2.  Widening  the  lower  portit»n  of  the  new  eastern  chanuel  below 
where  it  meets  the  proposed  western  chanuel,  requiring  the 

dredging  of  about 6, 000  cubic  yards. 

3.  Deepening  the  harbor  near  Sanford's  steamer  wharf,  below  the 
7-foot  curve,  to  a  depth  of  9  feet,  as  originally  contemplated, 

about l,000cnbic  yards. 

Total * 23, 000  cubic  yards. 

This  work  is  to  be  done  by  contract,  after  inviting  proposals  there- 
for.* 

*  Proposals  for  this  work  were  opened  on  the  15th  of  August,  1874,  and  the  contract 
was  awarded  to  Mr.  Augustus  R.  Wright  (the  lowest  of  two  bidders)  for  32,000  cabic 
yards,  more  or  less,  at  2d  cents  per  cubic  yard. 
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Fitumeial  statement 

Balance  in  Treasnry  of  United  States  Jnly  1, 1873 $9,000  00 

Amonnt  in  hands  of  officer  and  snbject  to  bis  check 948  63 

Amount  appropriated  by  act  approved  June  33, 1874 10,000  00 

Amount  expended  daring  the  hscal  year  ending  June  30,  1874 9, 948  63 

Amount  available  July  1, 1874 10,000  00 

Amount  required  for  the  fiscal  year  ending  June  30, 1876 13, 000  00 


Y7. 

IMPROVEMENT  OF  KENNEBEC  RIVER,  MAINE. 

All  the  projected  improvements  of  this  river  above  Bichmond  were 
completed  prior  to  Jane  30, 1873,  as  described  in  the  annual  report  for 
the  fiscal  year  ending  that  date,  whereby  a  safe  and  unobstructed  chan- 
nel, not  less  than  lOD  feet  in  width  and  10  feet  in  depth  at  mean  low- 
water,  (or  15^  feet  at  mean  high-water,)  in  its  low  summer  stages,  had 
been  completed  from  Bichmond  up  to  Gardiner,  and  thence  to  Aagusta 
a  channel  100  feet  in  width  and  not  less  than  6^  feet  in  depth  at  low- 
water,  (or  11  feet  at  high-water,)  in  its  lowest  summer  stag^.  The 
several  appropriations  made  for  this  purpose  from  June  23,  1866,  up  to 
July  1, 1873,  amounted  to  $115,000,  of  which  there  was  then  available 
$15,482.80,  to  be,  in  part,  applied  under  the  contract  made  May  21, 
1873,  with  Edouard  M.  LeProhon,  of  Portland,  Me.,  t4>  the  removal  of 
BalfTide  Bock  from  the  channel  at  the  Narrows,  below  Bichmond. 
This  work  was  commenced  in  June  o^ud  continued  by  him  until  Novem- 
ber, 1873,  when,  on  an  inspection  of  the  work,  it  was  reported  com- 
pleted to  a  depth  of  12  feet  at  mean  low-water,  as  called  for  by  the  con- 
tract. ♦ 

In  order  to  obtain  more  accurate  information  of  the  Narrows,  with  a 
view  to  its  further  improvement,  a  very  careful  survey  of  it,  throughout 
its  whole  extent,  has  since  been  made,  by  which  it  is  shown  that  the 
only  work  that  remains  to  be  done,  in  addition  to  that  heretofore  con- 
tracted Cor,  consists  in  the  removal  from  the  channel  of  the  following 
sunken  ledges,  viz: 

1.  The  three  led^  marked  III,  IV,  and  V,  on  the  drawing  BObroitted  to  the 
Departmeat,  which  contain  aboat  70  cubic  yards  above  the  plane  12  feet 
below  mean  low-water,  the  estimated  cost  of  which,  at  $40  per  cubic  yard, 

being $2,800  00 

Adding  for  contingencies,  say 6d7  75 

Total 3,4«7  75 

2.  Dry  Rock,  which  contains,  a'K)ve  the  12-foot  plane,  1,850  cubic  yards,  the 
estimated  cost  of  which,  at  $20  per  cubic  yard,  being $37,000  00 

Adding  for  contingencies,  say 3,500  00 

Total 40,500  00 

Of  the  above  amount  available  for  this  work  July  1, 1873,  viz $15, 482  80 

There  was  expended,  during  the  fiscal  year  ending  June  30,  1874 9, 495  05 

liOAving  available  for  the  removal  of  ledges  III,  IV,  V,  and  Dry  Rock,  the 

sum  of 5,987  75 

By  act  of  June  23, 1874,  there  was  appropriated,  for  continuing  this  work, 

the  additional  sum  of 12,000  00 

Making  a  total,  available  Jnly  1, 1874 17,987  75 
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Of  this  araonnt  it  has  been  decided  to  apply  to  the  removal  of  ledges  III, 

IV.  and  V  the  sum  of $3,487  75 

Leaving  available  for  the  partial  removal  of  Dry  Rock .  - 14, 500  00 

bnt  not  to  be  applied  thereto  until  the  additional  sum  required  for  its  completion,  (viz, 
$26,000,)  be  appropriated  therefor. 

Financial  statement 

Balance  in  Treasury  of  United  States  July  1, 1873 $14,000  00 

Amount  in  hands  of  officer  and  subject  to  his  check 1,482  80 

Amount  appropriated  by  act  approved  June  23,  1874 12, 000  00 

Amount  expended  dnring  the  fiscal  year  ending  June  30, 1874 9, 495  05 

Amount  available  July  1.  1874 17,987  75 

Amount  required  for  the  fiscal  year  ending  June  30,  1876 26, 000  00 


Y8. 

IMPROVEMENT  OF  PORTLAND  HARBOR,  MAINE. 

The  foIlowiDg  appropriations  have  been  made  for  the  improvement  of 
this  harbor,  viz : 

Bv  act  of  Congress  approved  June  23, 1866 : $105,111  05 

By  actofcCongressapproved  July  11,  1870 10,000  00 

Bv  act  of  Congress  approved  March  3,  1871 40,000  00 

By  act  of  Congress  approved  June  10,  1872 45,000  00 

By  act  of  Congress  approved  March  3,  1873 50,000  00 

By  act  of  Congress  approved  June  23,  1874 20,000  00 

Total 1 270,111  05 

Amount  expended  up  to  July  1, 1873 $160, 671  86 

Amount  expended  during  the  fiscal  year  ending  June  30, 1874 .      41, 1 13  20 

201,785  06 

Amount  available  July  1, 1874 .« 68,325  99 

On  the  Ist  of  July,  1873,  the  following  work  had  been  done  for  the 
improvement  of  this  harbor,  viz: 

1.  The  capping  of  the  breakwater  extended  for  a  length  of  733^  feet,  leaving  217 
linear  feet  yet  to  be  done. 

2.  A  channel  dredged  through  the  Middle  Ground  Bar,  to  a  width  of  500  feet  and  to 
a  dei>th  of  21-22  feet  at  mean  low-water,  or  31  feet  at  ordinary  high-water. 

3.  A  channel  dredged  through  the  Spit  opposite  the  Grand  Trunk  Railway  wharves, 
so  a«  to  be  100  feet  in  width  at  its  inner  end  and  200  feet  at  its  outer  end,  with  a  depth 
of  20  feet  at  mean  low- water. 

Contracts  had  also  been  made  for  the  following  additional  work  in.the 
harbor,  viz : 

1.  August  23, 1872,  with  Messrs.  Frank  N.  Lord,  of  Rochester,  N.  Y.,  and  Augustus  R. 
Wright,  of  Geneva,  N.  Y.,  for  building  the  granite  pier  at  the  outer  extremity  of  the 
breakwater  for  the  sum  of  (9,750,  and  for  furnishing  materials  and  building  200 
linear  feet,  more  or  less,  of  granite-capping  for  the  breakwater  extension,  at  $22.50 
per  linear  foot. 

2.  August  22, 1872,  with  Messrs.  Rufus  A.  Soule  and  Hugh  Bowen,  of  Cumberland, 
Me.,  for  furnishing  and  placing  5,000  tons,  more  or  less,  of  stone,  as  foundation  for  the 
breakwater  extension,  at  $1.20  per  ton  of  2,240  pounds. 

3.  September  17, 1872,  with  Messrs.  John  B.  Curtis  and  George  C.  Fobes,  (constitut- 
ing the  firm  of  Curtis  &  Fobes,)  of  Portland,  Me.,  for  25,000  cubic  yards,  more  or  less, 
of  dredging  in  Back  Bay,  at  25  cents  per  cubic  yard,  as  measured  in  the  scows. 

4.  May  10, 1873,  with  Mr.  Augustus  R.  Wright,  of  Geneva,  N.  Y. 

a.  For  dredging  in  front  of  Grand  Trunk  wharves  (about  13,000  cubic  yards)  to  a 

•  On  the  13th  of  August,  the  day  on  which  proposals  were  invited  for  this  work,  a 
contract  for  the  same  was  awarded  to  Messrs.  Eaonard  M.  Le  Prohon  &,  Co.,  of  Port- 
Itod,  Me.,  at  (33.50  per  cubic  yard. 
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depth  of  20  feet  at  mean  low-water,  for  50  cents  per  cubic  yard^  as  measured  in  the 
scows. 

b.  For  dred^njT  in  front  of  harbor  commissioners'  line  from  Atlantic  up  to  Central 
wharf,  (about  C3.000  cubic  yards,)  and  still  farther  if  required  (not  to  exceed  80,000 
cnbic  yards  additional)  above  Central  wharf,  to  a  depth  of  16  feet  at  mean  low-water, 
for  36  cents  per  cubic  yard,  as  measured  in  the  scows. 

The  only  work  done  under  these  contracts,  on  the  1st  of  July,  1873, 
consisted  in  furnishing  and  laying  2,749^2^*4po-  tons  of  rabble-stone  for  the 
foundation  of  the  breakwater  exteusiou,  and  in  laying  the  foundation 
and  one  course  of  cut-stone  of  the  terminal  pier. 

Since  the  1st  of  July,  1873,  the  work  done  under  these  contracts  is  as 
follows : 

1.  Granite  Pier. — Work  was  continued  upon  this  pier  until  the  1st  of  October,  1873, 
when  it  was  completed  in  accordance  with  the  contract. 

2.  The  foundation'  of  the  breakwater  has  also  been  completed  by  the  furnishing;  and 
laying  of  1,0 16^4!!  tons  of  rubble-stone,  making  altogether  3,766^A"j  toi^s  furnished 
under  the  contract. 

3.  The  gi*anite  capping  for  the  breakwater  exteusiou  has  also  been  completed,  the 
length  of  same  being  217  feet. 

4.  The  work  in  Back  Bay  has  been  completed  by  the  dredging  of  24,91^  cnbic  yards, 
whereby  a  channel  has  been  opened  to  a  width  of  100  feet  and  a  depth  of  8  feet  at 
mean  low-water  from  Tukey's  Bridge  np  to  the  stone-shed  wharves. 

5.  The  dredging  in  front  of  the  harbor  commissioners'  line  (in  the  inner  harbor) 
was  commenced  by  Mr.  Wright,  under  his  contract  of  May  10,  1873,  on  the  30th  of 
September,  1873,  since  which  time  it  has  been  prosecuted  with  energy— 49,609  cubic 
yards  having  been  dredged  by  him  on  the  1st  of  July,  1874. 

6.  The  sunken  wreck  in  the  main  ship-channel,  below  Forts  Preble  and  Scammel, 
was  blasted  and  scattered  into  deep  water,  so  as  to  have  a  depth  over  it  of  not  less  than 
35  feet  at  mean  low- water. 

7.  The  foundation  of  the  oldest  portion  of  the  breakwater  was  repaired  throughout 
its  whole- extent,  where  necessary— the  work  having  been  done  with  hired  labor. 

From  the  foregoing  it  is  seen  that  all  the  work  thafhas  been  projected 
for  the  improvement  of  this  harbor  has  been  completed,  with  the  ex- 
ception of  the  dredging  in  front  of  the  harbor  commissioners'  line  in 
the  inner  harbor. 

The  unexpended  balance  of  the  appropriations,  made  prior  to  June  23, 1874, 
for  the  improvement  of  this  harbor,  is $48, 325  99 

Of  which  there  is  due  for  retained  percentage  on  dredging  done  to  date  by 

Augustus  R.  Wright,  under  his  contract  of  May  10, 1873 3, 509  62 

Leaving  available  ibr  additional  work  under  the  contract 44, 816  37 

Of  which  there  will  be  required  to  complete  the  dredging  contracted  for 
in  front  of  the  Grand  Trunk  wharves,  and  below  Central  wharf,  about  . .       14, 816  37 

Leaving  available  for  dredging  above  Central  wharf,  to  be  done  under  the 

existing  contract  with  Mr.  Wright,  if  caUed  for 3^,  000  00 

But  it  is  not  deemed  advisable  to  continue  the  work  above  Central 
wharf  until  Brown's,  Smith's,  and  Hobson's  wharves  above  shall  have 
been  removed  as  far  inward  as  the  harbor-commissioner's  line,  for  the 
reasons  set  forth  in  my  letter  of  December  28, 1872,  to  the  committee  of 
the  PortUmd  Bojird  of  Trade,  a  copy  of  which  accompanied  my  annual 
report  for  the  fiscal  year  ending  June  30,  1873.  And  for  the  same 
reason  it  has  been  decided  to  postpone  similar  work  for  which  the 
appropriation  of  $20,000  made  by  act  of  June  23, 1874,  is  also  available. 

It  is  more  than  probable  that  these  obstructions  will  be  removed  at 
an  early  day,  as  steps  have  already  been  taken  to  that  end,  in  which 
event  the  contemplated  dredging  will  soon  be  completed  to  the  extent  of 
the  amount  available  therefor. 

The  additional  amount  that  will  be  required  for  completing  this  im- 
provement to  the  extent  projected,  will  be  830,000,  which  is  the  balance 
of  the  original  estimate,  which  amount  can  be  profitably  expended  upon 
the  work  during  the  fiscal  year  ending  June  30,  187G. 

The  ahove-named  works  are  situated  in  Portland  Harbor,  in  the  collection-district 
of  Portland  and  Falmouth. 
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Tbe  following  statement,  furnished  by  the  United  States  collector  of  castoms,  ex- 
hibits the  "duties  on  imports,  tonnage,  and  hospital  dues  assessed  and  collected  at 
this  port,  for  the  liscal  year  ending  June  30, 1874 : 

Duties  assessed $10,249,073  90 

Duties  collected - 576, 025  54 

Tonnage  dues  collected ^21,906  60 

Hospital  dues  collected 3, 495  08 

25,401  68 

"The  duties  assessed,  as  well  as  those  actually  collected,  measure  the  business  of  this 
port.  The  goods  on  which  duties  were  assessed  and  not  collected,  were  imported  for 
transportation  to  other  ports  in  the  United  States,  or  for  exportation/' 

It  is  understood  that  the  business  of  the  port  will  be  larger  the  current  year  than  it 
was  the  last,  as  a  new  line  of  steamships  is  promised  next  autumn  ;  a  new  railroad  to 
Canada  and  the  West  will  probably  be  opened  for  traffic  in  the  year  1876. 

Financial  statement 

Balance  in  Treasury  of  the  Uuited  States  July  1,  1873 §80, 000  00 

Amount  in  bands  of  officer  and  subject  to  his  check,  (including  $727.07 

percentage  due  on  contracts  not  yet-  completed) • .  9, 439  19 

Amount  appropriated  by  act  approved  June  23, 1874 20, 000  00 

Amount  expended  during  the  fiscal  year  ending  June  30,  1874 41, 113  20 

Amount  available  July  1,1874 64,816  37 

Amount  required  for  the  fiscal  year  ending  June  30,  1876 30, 000  00 


Yg. 
IMPROVEMENT  OF  RICHMOND'S  ISLAND,  MAINE. 

The  work  projected  for  this  place  consists  in  making  a  harbor  of 
refnge,  by  means  of  a  stone  breakwater,  connecting  the  island  with  the 
main-land,  tbe  length  of  the  breakwater  to  be  2,000  feet,  with  an 
average  thickness  of  30  feet,  and  a  height  of  13  feet  above  mean  low- 
water. 

The  harbor  to  be  formed  b^^  this  breakwater  will  afford  safe  anchorage 
and  good  holding-ground  for  vessels  of  the  largest  class,  with  the  wind 
from  any  point  except  from  the  southwest.  As  the  winds  ^om  the 
northward  and  eastward  bring  the  most  violent  and  destructive  gales 
which  occur  on  this  coast,  there  can  be  no  question  as  to  the  great 
benefit  to  be  derived  from  this  work  in  affording  a  refuge  to  vessels 
which  are  prevented  by  those  storms  from  entering  Portland  Harbor 
(twelve  miles  to  the  east\vardj  or  other  places  on  this  part  of  the 
coast. 

The  following  appropriations  have  been  made  by  Congress  for  this 
work,  viz: 

By  act  of  June  10,  1872 $20,000 

By  act  of  March  3,  lb73 60,000 

Total 80,000 

The  following  contracts  have  been  made  with  the  lowest  responsible 
bidders  for  furnishing  stone  for  this  work,  viz: 

1.  With  Mr.  Edward  Moore,  of  Portland,  Me,,  August  22,  1872,  for  furniehiug  and 
depositing  15,000  tons,  more  or  less,  upon  tlie  work,  at  ^1.24  per  ton  of  2,240  pounds, 
under  the  appropriation  of  June  10,  1872  ; 

2.  With  Mr.  James  M.  Andrews,  of  Biddeford,  Me.,  May  26,  1873,  for  furnishing  and 
depositing  25,000  tons,  more  or  less,  of  large  quarry  grout,  at  81.75  per  ton  of  2,240 
pounds,  under  the  appropriation  of  March  3, 1873 ;  and 

3.  With  Mr.  Isaac  Hamilton,  of  Portland,  Me.,  May  26,  1873,  for  furnishing  and 
depositing  6,000  tons,  more  or  less,  of  small  bowlders,  at  $1.59  per  ton  of  2,240  pounds, 
under  the  appropriation  of  March  3,  1873. 
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Oq  the  Ist  of  July,  1873,  the  quantity  of  stone  famished  under  these 
contracts  was  as  follows,  viz: 

8,714^ 3 ft  tons  by  Mr.  Moore,  under  contract  of  August  22,  1872. 
l,144//4^j  tons  by  Mr.  Andrews,  under  contract  of  May  26,  1873. 

In  addition  to  the  above  the  following  has  been  furnished  during  the 
fiscal  year  ending  June  30, 1874,  viz: 

1.  6,298  tons,  by  Mr.  Moore,  under  his  contract  of  August  22,  1872,  making  a 
total  of  15,012^21}  tons  furnished  in  completion  of  his  contract,  on  the 
30tb  of  August,  1873. 

2.  24,845if5{')  tons,  by  Mr.  Andrews,  under  his  contract  of  May  26, 1873,  making 
a  total  of  25,989J-^J]  tons,  furnished  in  completion  of  his  contract. 

3.  2,186^^21}  tons  of  small  stone  by  Mr.  Hamilton,  under  his  contract  of  May 
26, 1873;'*  making  the  total  quantity  furnished  during  the  year  33,330^^0 
tons,  and  the  total  to  June  30,  1874,  43,1892'/^  tons.  Mr.  Hamilton  has  still 
to  deliver  about  4,000  tons ;  making  a  total  in  completion  of  his  contract 
of  about  6,200  tons.  The  original  estimate  for  this  work  called  for  60,000 
tons  of  stone ;  so  that  about  13,000  tons  more  will  be  required  for  its  com- 
pletion; the  estimated  cost  of  which,  at  ^1.75 per  ton  (the  price  of  that  last 
contracted  for)  is $22, 750 

Adding  for  contingencies,  say 2, 250 

Makes  the  total  amount  required  for  its  completion 25, 000 

Which  could  be  profitably  expended  during  the  fiscal  year  ending  June  30,  1876. 

Financial  statement. 

Balance  in  Trea,sury  of  United  States  July  1,  1873 $65,000  00 

Amount  in  hands  of  officer  and  subject  to  his  check,  (including  $2,561.55 

X>ercentage  due  on  contracts  not  yet  completed) 4,  972  36 

Amount  expended  during  the  fiscal  year  ending  June  30,  1874 60, 708  49 

Amount  available  July  1,  1874 8,568  53 

Amount  required  for  the  fiscal  year  ending  June  30, 1876 25, 000  00 


Yio. 

IMPROVEMENT  OF  SACO  RIVER,  MAINE. 

The  following  appropriations  have  been  made,  from  June  23,  1860,  to 
date,  for  the  improvement  of  this  river,  viz: 

By  act  of  Congress,  approved  June  23,  1856 $40,000 

By  act  of  Congress,  approved  March  2,  1807 40,000 

Allotted  under  act  of  Congress,  approved  July  25, 1868 20, 000 

Allotted  under  act  of  Congress,  approved  April  10, 1869 22, 500 

By  act  of  Congress,  approved  July  11,  1870 10, 000 

By  act  of  Congress,  approved  March  3, 1871 15,000 

By  act  of  Congress,  approved  June  10,  1872 15,000 

Total 162,500 

Of  which  there  was  available  July  1,  1873 $5,896  20 

The  work  done  up  to  1st  of  July,  1873,  was  as  follows,  viz : 

1.  The  breakwater  at  the  mouth  of  the  river  was  completed  to  the  extent  at  present 
contemplated,  in  June  1873,  under  six  separate  contracts,  by  which  there  wa^  furnished 

upon  the  work  81.125iill8  gross  tons  or  90,860}Aia  net  tons  of  stone,  making  a  break- 
water 4,200  feet  in  length,  with  an  average  thickness  of  about  20  feet,  and  a  height  of 
10  feet  above  mean  low- water. 

2.  Dangerous  sunken  rocks  removed  from  the  channel  near  Little  Islands. 

*  On  the  3lBt  of  August.  1874,  Mr.  Hamilton  had  furnished  all  the  stone  required  for 
the  completion  of  his  contract,  whereby  the  whole  appropriation  was  exhausted. 
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3.  A  channel  50  feet  wide  was  excavated  through  the  bars  below  the  wharves  of  Saco 
and  Biddeford  to  a  depth  of  5  feet  below  mean  low-water  (giving  13f  feet  at  ordinary 
high-water)  in  the  summer  stage  of  the  river,  in  which  about  4,000  cubic  yards  of 
slabs,  edgings,  &c.,  were  excavated  and  removed  from  the  bars. 

4.  A  large  wrought-iron  spindle,  20  feet  long  and  14  inches  in  diameter,  surmounted 
with  an  iiou  day-mark  8  feet  ixk  height,  was  placed  to  mark  the  foot  of  Cow  Island 
Ledge  in  place  of  old  pier  No.  1. 

5.  A  new  pier  was  built  on  the  point  of  ledge  at  Ferry  Narrows,  on  the  site  of  old 
pier  No.  8.  It  is  made  of  hewn  pine  logs,  well  framed  and  braced,  and  filled  to  its  top 
with  stone,  and  covered  on  its  outer  face  with  oak  and  pine  3-inch  plank.  It  is  143  feet 
in  length,  12  feet  in  height  above  mean  low-water,  and  15  feet  in  width  on  top,  with  a 
batter  of  one  in  12  feet. 

Another  pier  of  the  same  description,  155  feet  in  length,  was  built 
nearly  to  comi)letion  on  the  ledge  on  Jordan's  Point  in  the  place  of  old 
pier  No.  9.  Upon  this  ledge  a  stone  foundation  was  built  up  to  the  plane 
of  mean  low- water,  (a  height  of  from  2  to  4  feet,)  and  upon  this  the 
pier  wa«  built. 

During  the  fiscal  year  ending  June  30,  1874,  the  following  additional 
work  was  done,  viz : 

The  pier  on  Jordan's  Point  was  completed  July  31  to  a  height  of  12 
feet  above  mean  low-water. 

A  similar  pier,  130  feet  in  length,  was  commenced  in  August,  1873, 
on  Ward's  Point  in  the  place  of  old  pier  No.  7,  and  was  completed  in 
September,  1873 ;  and  the  old  pier  No.  2  (about  one  mile  below  Saco 
wharves)  was  thoroughly  repaired,  planked,  and  ballasted  with  stone, 
having  been  completed  early  in  October,  1873. 

The  piers  were  all  built  and  repaired  with  hired  labor ;  and  their  com- 
pletion finishes  all  the  improvements  that  have  heretofore  been  projected 
or  this  river. 

The  works  for  the  improvement  of  Saco  River  are  sitaated  in  the  collection-diBtrict 
of  Saco  and  Biddeford,  Me.  The  nearest  light-house  is  on  Wood  Island,  opposite  the 
month  of  Saco  Kiver ;  and  the  nearest  forts  are  those  in  Portland  Harbor,  about  fifteen 
miles  distant. 

The  amount  of  revenue  collected  at  Saco,  the  port  of  entry,  during  the  fiscal  year 
ending  June  30, 1874,  as  furnished  by  the  United  States  collector  of  customs,  was  |276.4d. 

The  number  of  sea-going  vessels  which  arrived  during  the  same  period  was  219. 

Financial  statement 

Balance  in  Treasury  of  United  States  July  1,  1873 $5,000  00 

Amount  in  hands  of  officer,  and  subject  to  his  check 896  20 

Amount  expended  during  the  fiscal  year  ending  June  30, 1874 5, 896  20 


Y   II. 

IMPROVEMENT  OF  WELLS  HARBOR,  MAINE. 

The  improvement  projected  for  this  harbor  consisted  in  the  repairs  of 
an  ohl  Government  pier  at  the  mouth  of  Webhannet  River.  This  pier 
was  built  from  thirty  to  forty  years  ago  for  the  purpose  of  straightening 
and  deepening  the  channel  over  the  bar  at  the  entrance  to  this  harbor. 
It  was  made  of  crib-work  ballasted  with  stone,  and  was  about  250  yards 
in  length. 

By^  an  act  of  Congress  approved  June  10,  1872,  the  sum  of  $5,000  was 
appropriated  for  this  work. 

The  projected  repairs  were  commenced  with  hired  lal)or  in  the  latter 
part  of  September,  1872,  and  were  completed  on  the  30th  of  June,  1873: 
and  in  September,  1873,  they  were  entirely  finished. 

Financial  statement. 

Amount  in  liands  of  officer  and  subject  to  his  check $324  93 

Amount  expended  during  the  fiscal  year  ending  June  30,  1874 3'i4  93 
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Y    12. 
IMPROVEMENT  OF  COCHECO  RIVER,  NEW  HAMPSHIRE. 

This  river  iu  its  lowest  summer  stage  is  navigable  from  tbe  harbor  of 
Portsmouth,  N.  H.,  up  to  the  Lower  Narrows,  (which  place  is  distant 
one  and  one-half  miles  below  the  bridge  at  the  head  of  navigation  in 
Dover,  N.  H.,)  with  6  feet  at  mean  low-water,  and  13^  feet  at  ordinary 
high-water.  At  the  Lower  Narrows,  and  above,  its  navigation  has  been 
obstructed  ^by  ledges,  bowlders,  and  shoals,  having  only  from  6  inches 
to  2  feet  of  water  over  them  at  mean  low-water,  the  average  rise  of  the 
tide  being  6.8  feet  at  the  Lower  Narrows,  and  less  above. 

The  foUowing  appropriations  have  been  made  for  improving  the  navi- 
gation of  this  river,  viz : 

By  act  of  Congress  approved  March  3, 1871 $10,000  00 

Bjactof  Congress  approved  .Tune  10, 1872 ^ 10,000  00 

By  act  of  Congress  approved  March  3, 1H73 10,000  00 

By  act  of  Congress  approved  June  23,  1874 10,000  00 

Total 40,000  00 

Of  which  amonnt  there  had  been  expended  up  to  July  1, 1873,  the  sum  of.       9, 436  18 
Amount  available  July  1,  1873 20,563  82 

Up  to  this  i)eriod,  (viz,  July  1, 1873.)  the  work  done  was  as  follows, 
viz: 

1.  A  channel  opened  through  the  ledge  at  the  Lower  Narrows  to  a  width  of  75  feet, 
and  a  depth  of  4  feet  at  mean  low-water. 

2.  All  the  sunken  rocks  removed  from  the  channel  between  the  Lower  and  Upper 
Narrows. 

3.  Contracts  had  also  been  made  with  Mr.  Edward  Moore,  of  Portland,  Me.,  the  low- 
est responsible  bidder,  for  the  partial  opening  of  a  channel  40  feet  in  width  and  4  feet 
in  depth  at  mean  low-water,  through  tbe  ledge  at  the  Upper  Narrows,  (or  Gulf.) 

These  contracts  provided  for  the  removal  of  772  cubic  yards  of  ledge, 
at  $26.50  per  cubic  yard.  The  contractor  commenced  operations  in 
May,  1873,  in  building  a  coffer-dam,  so  as  to  inclose  the  whole  work 
contracted  for ;  which  coffer-dam  was  completed  in  the  latter  part  of 
August,  when  the  water  was  pumped  out  and  work  commenced  upon 
the  excavation  of  the  ledge.  This  work  was  prosecuted  with  commenda- 
ble energy,  and  was  very  satisfactorily  completed  by  the  contractor,  on 
the  3l8t  of  October,  to  the  extent  required  under  his  two  contracts, 
viz,  the  excavation  and  removal  of  772  cubic  yards  of  ledge. 

By  this  work  the  channel  has  been  opened  to  a  width  of  iO  feet  and 
a  depth  of  4  feet  at  mean  low-water  (giving  10.8  feet  at  ordinary  high- 
water)  for  an  extent  of  300  feet  through  the  Upper  Narrows,  leaNing 
about  130  feet  yet  to  be  done  under  future  appropriations. 

Iu  this  work  all  the  balance  of  the  appropriations  available  July  1, 
1873,  has  been  entirely  expended. 

The  sum  of  $iO,000  appropriated  by  act  of  June  23,  1874,  is  to  be 
applied  to  the  completion  of  the  channel,  having  the  projected  width 
and  depth  through  the  Upper  Narrows,  which  will  require  about  500 
cubic  yards  of  ledge  excavation.* 

To  complete  all  the  improvements  projected  for  this  river,  as  stated 
in  the  annual  report  for-  the  fiscal  year  ending  June  30, 1873,  will  re- 
quire the  additional  sum  of  $65,000,  which  can  be  profitably  expended 
during  the  fiscal  year  ending  June  30,  1876. 

*  A  contract  for  this  work  was  made  on  tbe  Slst  of  July,  1874,  with  Mr.  Edward 
Moore,  of  Portland,  Me.,  (the  only  bidder,)  at  ^20  per  cubic  yard. 
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Financial  statement 

Balance  in  Treasury  of  United  States  July  1, 1873 $17, 000  00 

Amount  in  hands  of  officer  and  subject  to  his  check 3, 563  82 

Amount  appropriated  by  act  approved  June  23,  1874 10, 000  00 

Amount  expended  during  the  fiscal  year  ending  June  30,  1674 20, 563  &2 

Amount  available  July  1,  1874 10,000  00 

Amount  required  for  the  fiscal  year  ending  June  30,  1876 65, 000  00 


Y  13. 

IMPROVEMENT  OF  MERRTMAC  RIVER,  INCLUDING  THE  HARBOR  OF  NEW- 
BURYPORT,  MASSACHUSETTS. 

The  following  appropriatious  have  been  made  for  the  improvement  of 
Merrimac  River,  Mass.,  viz  : 

By  act  of  July  11, 1870,  for  improvement  of  Merrimac  River,  Mass §25, 000  00 

By  act  of  March  3, 1871,  for  improvement  of  Merrimac  River  above  Haver- 
hill, Mass 25,000  00 

By  act  of  June  10,  1872,  for  improvement  of  Merrimac  River  above  Hav- 
erhill, Mass T 25,000  00 

By  act  of  March  3,  1873,  for  improvement  of  Merrimac  River,  Mass 25,000  00 

By  act  of  June  23,  1874,  for  continuing  the  improvement  of  Men-imac 
River,  Mass 10,000  00 

Total 110,000  00 

Amount  expended  up  to  July  1,  1873 51,  .305  53 

Amount  available  July  1,  1873 48,694  47 

Up  to  July  1,  1873,  the  work  done  was  as  follows,  viz : 

1.  The  main  (South)  Gangeway  Rock,  in  Nevrburyport  Harbor,  broken  up  and  re- 
moved in  1870  to  a  depth  of  9^  feet  at  mean  low-water,  and  a  commencement  made 
upon  North  Gaugeway  Rock. 

2.  The  w^reck  of  the  schooner  Globe  removed  in  1870. 

3.  Four  hundred  and  seventy-five  cubic  yards  of  clay,  bowlders,  &c.,  excavated  and 
removed  in  1870  from  the  channel  of  the  Lower  Falls  above  Haverhill ;  2,100  cubic 
yards  in  1871,  and  156  cubic  yards  in  June,  1873 ;  making  a  total  of  2,731  cubic  yards, 
by  which  the  work  in  these  falls  was  about  half  completed. 

4.  The  following  contracts  had  also  been  made,  under  the  appropriations  of  June  10, 
1872,  and  March  3,  1873,  with  Mr.  Augustus  R.  Wright,  of  Geneva,  N.  Y.,  the  lowest 
bidder,  for  improving  the  channel  in  the  Lower  Falls,  Hazletine  Rapids,  and  the  Upper 
Falls,  viz ;  # 

fl.  By  contract,  dated  September  9,  1872,  for  4,400  cubic  yards,  more  or  less,  of  exca- 
vationin  the  Lower  Falls  and  Hazletine  Rapids,  at  §4.95  per  cubic  yard ;  and 

h.  By  contract,  dated  May  30,  1873,  for  5,000  cubic  yards,  more  or  less,  of  excavation 
in  the  Upper  Falls,  at  ^4.50  per  cubic  yard. 

In  June,  1873, 156  cubic  yards  were  excavated  in  the  Lower  Falls,  as 
stated  above,  under  the  contract  of  September  9, 1872,- after  which  work 
was  commenced  (July  4)  at  the  Upper  Falls,  under  the  contract  of 
May  30,  1873. 

This  work  was  continued  at  the  Upper  Falls  until  the  21st  of  October, 
when,  owing  to  the  high  stage  of  the  river,  it  was  suspended  for  the 
winter. 

The  dredging  done  to  that  date  at  the  Upper  Falls  amounted  to  3,7o5 
cubic  yards,  leaving  about  2,800  cubic  yards  to  be  done  for  its  comple- 
tion.» 


*  The  dredging  was  comjjleted  at  the  Upper  Falls  in  September,  1874. 
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Operations  were  resumed  by  Mr.  Wright  at  the  Lower  Falls  on  the 
29th  of  June,  1874,  under  his  contract  of  September  9, 1872. 

The  following  is  an  estimate  of  the  cost  of  the  work  for  completing 
the  improvements  now  projected  for  this  river  and  harbor  of  Newbur^-- 
port,  viz : 

1.  Xeichuri/port  Harhory  at  the  month  of  Merrlmac  River. 

a.  Complete  removal  of  North  Gangeway  Rock,  700  cubic  yards,  at  §20. ..  gl4, 000  00 

b.  Removing  **  the  Boilers,^'  near  the  city  wharves 6, 000  00 

Adding  for  contingencies,  say 2, 000  00 

Total 22,000  00 

2.  River  between  ^eichuryport  and^averhill,  ilassachusetts. 

a.  Removal  of  Gangeway  Rock,  14  cubic  yards,  at  $20 |2d0  00 

h.  Removal  of  two  rocks,  above  Deer  Island  bridge,  108  cabic  yards,  at  $20.  2, 160  00 

c.  Removal  of  rocks  at  Rocks- Bridge 1,000  00 

d.  Removal  of  Little  Currier  Rock,  2  cubic  yards 25  00 

e.  Dredging  at  Currier  Shoal,  6,500  cubic  yards,  at  75  cents 4, 875  00 

/.   Dike  at  Silby's  Head,  350  feet,  at  $25 8,750  00 

Adding  for  contingencies,  say 1,910  00 

Total 19,000  00 

3.  River  above  Haverhill^  Massachusetts, 

a.  Excavating  a  channel,  60  feet  wide,  and  4  feet  deep  ut  low-water,  in  the 

Bammer  stage  of  the  river,  at  Hazletine  Rapids,  1,900  cubic  yards,  at  $4.95.  $9, 405  00 

h.  Completing  the  channel  to  the  same  width  and  depth  at  tlie  tipper 

Falls,  2,800  cubic  yards,  at  $4.50 12,600  00 

c.    Completing  the  channel  to  the  same  width  and  depth  at  the  Lower 

Falls,  2,500  cubic  yards,  at  $4.95 12,375  00 

Adding  for  contingencies,  say 5,091  09 

Total 39,471  09 

Total  amount  required  for  completing  all  the  projected  improvements,  as 

above $80,471  09 

Of  which  there  is  now  available  under  existing  appropriations.  $43, 028  97 
Deducting  amount  of  percentage  retained  on  contract  work. ..       3, 557  88 

39,471  09 

Additional  amount  required 41, 000  00 

Financial  statement. 

Balance  in  Treasury  of  United  States  July  1, 1873 $45, 000  00 

Amount  in  hands  of  officer  and  subject  to  his  check,  (including  $154.62 

percentage  due  on  contracts  not  yet  completed ) 3, 694  47 

Amount  appropriated  by  act  approved  June  23, 1874 10, 000  00 

Amount  expended  during  the  fiscal  year  ending  June  30, 1874 15, 665  50 

Amount  available  Julj-  l,n874 39, 471  09 

Amount  required  for  fascal  year  ending  June  30,  1876 41, 000  00 


Y  14. 

IMPROVEMENT  OF  GLOUCESTER  HARBOR,  MASSACHUSETTS. 

By  an  act  of  Congress  approved  June  10,  1872,  the  sain  of  $10,000 
was'appropriated  for  the  removing  of  rocks  in  this  harbor.    Under  this 
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appropriation  a  contract  was  made  August  26,  1872,  with  Mr.  Geo.  W. 
Townsend,  of  Boston,  Mass.,  for  removing  the  following  sunken  rocks, 
at  the  prices  named,  viz : 

1.  Babson's  Ledge,  at  §20  per  cubic  yard. 

2.  Clam  Rock,  at  §20  per  cubic  yard $450 

3.  Pinnacle  Rocks^  at  $20  per  cubic  yard 1, 170 

4.  Rocks  off  J.  Friend's  wharf,  at  $20  per  cubic  yard 330 

5.  Rock  off  Pew's  wharf,  at  $20  per  cubic  yard 45 

On  the  1st  of  July,  1 873,  all  the  work  contracted  for  was  completed? 
viz: 

1.  Clam  Rock,  remoTed  from  a  depth  of  1  foot  to  that  of  9i  feet  below  the  plane  of 
mean  low-water,  the  level  of  the  surrounding  bottom. 

2.  Pinnacle  Rocks,  removed  from  8^  feet  above  down  to  the  level  of  the  surrounding 
bottom,  which  has  a  depth  of  16^  feet  below  the  plane  of  mean  low-water. 

3.  Rocks  off  J.  Friend's  wharf,  rfpioved  down  to  the  level  of  the  surrounding 
bottom. 

4.  Rock  off  Pew's  wharf  was  entirely  removed  to  a  depth  of  5  feet  below  mean  low- 
vcater;  and 

5.  The  largest  bowlders  were  removed  from  the  rocky  shoal  known  as  *^  Babson's 
Ledge." 

Work  has  been  suspended  since  July  1,  1873. 

Amount  available  July  1, 1874,  for  additional  work,  |686.84. 

Financial  statement. 

Amount  in  hands  of  officer  and  subject  to  bis  check |9, 470  64 

Amount  expended  during  the  fiscal  year  ending  June  30,  1874 8, 783  80 

Amount  available  July  1,  1874 686  84 


Y  15. 

IMPROVEMENT  OF  SALEM  HARBOR,  MASSACHUSETTS. 

The  following  appropriations  have  been  made  by  Congress  for  this 
work,  viz : 

By  act  of  March  3,  1873 $15,000 

By  act  of  June  23, 1874 10,000 

Total /. 25,000 

The  following  is  an  estimate  of  the  cost  of  the  work  projected  for 
the  improvement  of  this  harbor,  viz : 

1.  Excavating  a  channel  1,730  feet  long,  300  feet  wide,  to  a  depth  of  8  feet  at 
mean  low-water,  (j^iving  17.3  feet  at  mean  high-water,)  from  the  entrance  to 

South  River  outward  to  deep  water,  including  contingencies '. $25, 000 

2.  Constructing  a  sea-wall  and  a  breakwater  for  the  preservation  and  protec- 
tion of  Long  Point,  including  contingencies 23,000 

Total 48,000 

After  advertising  for  proposals,  a  contract  was  made  May  1, 1873, 
with  Mr.  Augustus  E.  Wright,  of  Geneva,  N.  Y.,  the  lowest  of  four 
bidders,  for  30,000  cubic  yards,  more  or  less,  of  dredging,  at  44  cents 
per  cubic  yard,  as  measured  in  the  scows.  On  the  10th  of  May  he 
commenced  work,  and  up  to  the  close  of  the  fiscal  year  ending  June  30, 
1873,  he  had  dredged  9,266J  cubic  yards  under  this  contract.  After  a 
suspension  of  work  on  tlie  5th  of  June,  it  was  resumed  on  the  8th  of 
December,  from  which  date  up  to  the  10th  of  March,  1874,  22,229^ 


Digitized  by  LjOOQ  IC 


REPORT  OF  THE  CHIEF  QF  ENGINEERS.         313 

cubic  yards  of  dredging  was  done,  making  a  total  of  31,496  cubic  j'ards 
in  completion  of  the  contract.  By  this  work  the  channel  has  been 
opened  to  the  required  depth  of  8  feet  at  mean  low-wjater  from  the 
month  of  South  Kiver  outward  to  deep  water  for  an  average  width  of 
160  feet. 

The  appropriation  made  by  act  of  June  23,  1874,  will,  it  is  believed, 
be  sufficient  to  complete  all  the  dredging  necessary  for  improving  the 
channel  from  deep  water  to  the  entrance  of  South  River.* 

Financial  statement 

Balance  in  Trea«ur.y  of  United  States  Jnly  1,1873 $9,000  00 

Amount  in  bauds  of  officer  and  subject  to  bis  cbeck,  (iucludiug  1^815.54  per- 
centage due  on  contracts  not  yet  completed) 3, 455  51 

Amount  appropriated  by  act  approved  June  23, 1874 10, 000  00 

Amount  expended  dnring  tbe  fiscal  year  ending  June  30,  1874 ^  11, 455  51 

Amount  available  July  1,1874 10,000  00 

Amount  required  for  tbe  fiscal  year  ending  June  30,  1876 23, 000  00 


Y  i6. 
IMPROVEMENT  OF  BOSTON  HARBOR,  MASSACHUSETTS. 

The  several  works  projected  and  in  progress  for  the  improvement  and 
preservation  of  this  harbor  consist  of  the  following,  viz : 

1.  Tbe  sea-wall  for  tbe  protection  and  preservation  of  Point  Allerton. 

2.  Tbe  sea-wall  for  tbe  protection  and  preservation  of  Great  Brewster  Island. 

3.  Tbe  sea-walls  for  tbe  protection  and  preservation  of  Lovell's  Island. 

4.  Tbe  sea-wall  for  tbe  protection  and  preservation  of  Gallop's  Island. 

5.  Tbe  sea-wall  for  tbe  protection  and  preservation  of  tbe  nortb  bead  of  Long 
Island. 

6.  Tbe  sea-walls  for  tbe  protection  and  preservation  of  Deer  Island. 

7.  Straigbtening,  widening,  and  deepening  tbe  main  sbip-cbannel  in  tbe  Narrows, 
(a.)  At  tbe  west  end  of  Great  Brewster  Bar ; 

(b.)  At  tbe  soutbeast  poiut  of  Lovell's  Island ;  and, 
(c.)  At  tbe  sontbwest  poiut  of  Lovell's  Island. 

8.  Widening  and  deepening  tbe  cbannel  tbrougb  tbe  Upper  Middle  Bar. 

9.  Removal  of  Nasb's  Rock. 

10.  Completing  tbe  removal  of  Kelly's  Rock. 

11.  Removal  of  a  sunken  ledge,  situated  in  "Tbe  Narrows/'  between  George's  Island 
and  Great  Brewster  Spit. 

12.  Removal  of  State  and  Palmyra  Rocks,  on  tbe  soutbern  spurs  of  tbe  Lower 
Middle. 

13.  Surveys  of  sunken  rocks. 

1.  Sea  wall  on  Point  Allerton, — Work  was  commenced  upon  this  sea- 
wall in  September,  1870,  and  was  completed  in  May,  1874,  having  been 
built,  for  the  most  part,  under  four  separate  contracts  with  Mr.  James 
M.  Andrews,  of  Biddeford,  Me.,  made  respectively  May  24, 1870,  July  26, 
1871,  August  24,  1872,  and  May  8,  1873;  The  last  contract  provided 
for  completing  this  sea-wall  at  the  same  prices  as  in  the  previous  con- 
tracts, viz : 

1.  Granite  wall,  (including  granite  facing  and  copiug,  concrete  foundation  and  back- 
ing,) at  $77.90  i>er  linear  foot. 

2.  Concrete  for  additional  foundation,  if  required  in  excess  of  that  called  for  by  tbe 
drawings  and  specifications,  at  $11  per  cubic  yard. 

3.  Excavation  for  foundation,  at  $1  per  cubic  yard. 

4.  Back  filling  of  eartb,  at  50  cents  per  cubic  yard. 

5.  Paving,  (including  paving-stones  and  cobble-stones,  sbingle,  and  gravel  for  bed- 
ding for  same,)  at  $6.40  per  superficial  yard. 

*  A  contract  for  tbis  work  was  made  September  5,  1874,  witb  Messrs.  Curtis,  Fobes 
&  Co.,  of  Portland,  Me.,  to  be  completed  May  I,  1873. 
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The  contractor  commenced  work,  under  bis  last  contract,  early  in 
May,  1873,  and  up  to  June  30  of  that  year  he  had  finished  145  linear 
feet  of  granite  wall,  593g  cubic  yards  of  excavation  for  the  foundation, 
and  2.008 /jubic  yards  of  back-filling. 

This  work  was  continued  by  him  from  July  1  until  December  12, 1873, 
when  it  wa«  suspended  until  March,  and  then  resumed  and  continued 
until  its  completion  on  the  last  of  May,  1874.  During  this  period  the 
following  additional  work  was  done,  viz :  132.21  linear  feet  of  granite 
wall,  completed  in  August,  1873,  to  the  projected  length  of  1,202 J  feet ; 
595.58  cubic  yards  of  excavation  for  the  foundation,  completed  in  Au- 
gust, 1873 ;  3,351  J  cubic  yards  of  earth  back-filling ;  and  1,905  super- 
ficial yards  of  granite  paving.  The  total  quantity  of  work  done  under 
the  contract  of  May  8,  1873,  in  completion  of  the  sea-wall,  was  as  fol- 
lows, viz:  277.2  linear  feet  of  granite  wall ;  1,189J^  cubic  yards  of  exca- 
vation for  the  foundation;  5,359^  cubic  yards  of  earth  back-filling; 
1,905  superficial  yards  of  granite  paving. 

In  addition  to  the  above  contract  work,  there  have  been  built  since 
July  1, 1873,  for  the  protection  of  the  concrete  foundation  of  this  sea- 
wall, where  most  exposed  to  injury  by  storms  and  cuwents,  1,005  linear 
feet  of  granite  apron,  and  eight  jetties,  in  which  has  been  placed 
1.598.94  tons  of  granite  grout.  This  apron  has  an  average  width  of 
about  10  feet,  is  from  2  to  3  feet  in  height,  and  extends  all  along  the 
fourth,  fifth,  sixth,  seventh,  and  eighth  faces,  counting  from  the  east,  and 
for  about  50  feet  along  the  first  face,  and  along  the  western  wing-wall,  in 
order  to  protect  its  junction  with  the  shore  crest.  The  several  jetties 
have  a  length  of  25  to  30  feet,  a  width  of  about  C  to  8  feet,  and  a  height 
of  2  to  3  feet,  and  are  placed,  five  at  the  fourth,  fifth,  sixth,  seventh,  and 
eighth  angles,  two  from  the  middle  of  the  first  and  seventh  faces,  and 
one  at  the  easterly  wing-wall,  also  serving  as  a  ramp.  The  granite 
grout  of  which  this  apron  and  the  jetties  are  built  has  been  furnished 
and  placed  in  position,  at  $3.25  per  ton,  as  authorized  by  Department 
letter  of  July  23, 1873.  The  total  length  of  this  sea-wall,  as  completed, 
is  1,202J  feet. 

2.  Sea-wall  on  Great  Breicster  Island. — This  wall,  2,800  feet  in  length, 
was  built  for  the  protection  of  the  north  and  south  heads  of  the  island, 
and  fully  answers  the  purpose  intended.  It  was  commenced  in  1849, 
and  was  continued  through  the  year  1850,  when  w^ork  upon  it  was  sus- 
pended. Since  then  it  has  been  continued  from  time  to  time  as  appro- 
priations have  been  made  for  it.  It  is  now  in  good  condition,  not  requiring 
any  repairs. 

3.  Sea-icalls  on  LovelVs  Island. — There  are  two  sea-walls  on  this  island, 
one  of  which  was  built  thirty  years  ago,  for  the  protection  of  its  north 
head,  and  the  other  in  1867  and  1868  for  the  protection  of  the  southeast 
bluflf  for  a  length  of  about  800  feet.  An  inspection  of  these  sea-walls, 
made  in  the  latter  part  of  March,  1873,  showed — 

1.  That  the  old  wall  on  the  north  head  was  in  good  condition ;  hnt  that  the  long  jetty  at 
its  sonthern  extremity  was  much  shattered  by  the  storms  and  currents,  and  that  the 
shore-line  south  of  the  wall,  for  a  distance  of  about  600  feet,  had  been  much  abra4ed  of 
late  years,  to  a  degree  threatening  serious  changes,  the  immediate  prevention  of  which| 
was  absolutely  necessary.  For  this  purpose  it  was  recommended  that  the  jetty  be 
repaired,  and  that  an  apron-work  of  large  rubble-stone  be  built  for  the  protection  of  the 
shore  south  of  it  for  a  length  of  620  feet ;   and, 

2.  That  the  sea-wall  at  the  southeast  blulf  was  in  good  condition,  not  requiring  any 
repair,  but  that  the  shore  line  next  to  its  sonthern  extremity  had  become  worn  away 
for  a  length  of  110  feet,  for  the  preservation  of  which  a  stone  apron  was  recommended, 
to  be  ly  feet  in  width  and  3  feet  in  height. 
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Work  was  commeuced  with  hired  labor  upon  the  north  wall  in  May, 
1873,  and  was  completed  in  July  following ;  and  the  apron  upon  the 
shore  next  to  the  sea-wall  at  the  southeast  bluff  was  completed  early  in 
August,  1873. 

4.  Sea-wall  on  Gallop*8  Island. — The  sea-wall  is  1,745  feet  in  length. 
Work  upon  it  was  commenced  in  the  5  ear  1868,  under  a  contract  made 
May  26, 1868,  with  Mr.  James  Andrews,  of  Biddeford,  Me.,  and  was 
carried  on  under  that  contract  until  the  end  of  April,  1871,  after  which 
it  was  continued  with  hired  labor  until  its  completion,  in  the  latter  part 
of  September,  1871. 

The  violent  storms  and  currents  to  which  this  wall  is  exposed  had 
laid  bare  its  concrete  foundation  to  such  a  degree  as  to  render  neces- 
sary', for  its  protection  and  preservation,  a  stone  apron  throughout  nearly 
its  whole  length,  with  jetties  projecting  outwards  from  its  faces.  This 
work  was  commenced  in  August,  1873,  and  completed  in  April,  1874. 
The  apron  extends  along  the  base  of  this  wall  for  a  length  of  1,655 
feet,  being  on  the  most  exposed  faces  of  the  wall  10  feet  in  width. 
Eight  jetties  have  been  built  at  and  near  the  angles  of  the  wall,  of  which 
^ve  are  of  split  granite,  bedded  in  part  in  concrete,  laid  in  trenches  and 
surrounded  with  a  concrete  apron,  each  being  18  feet  in  length  and  5  feet 
in  width.    The  quantity  of  stone  used  in  this  work  was  about  1,450  tons. 

5.  Sea-wall  on  the  narth  head  of  Long  Island. — Work  was  commenced 
upon  this  seawall  in  August,  1870,  and  has  been  continued  for  the  most 
part  under  contracts  with  Mr.  James  Andrews,  of  Biddeford,  Me.,  made 
respectively  May  24, 1870,  July  26,  1871,  August  23, 1872,  and  May  8, 
1873,  the  last  of  which  provided  for  completing  this  sea-wall  at  the 
same  prices  as  in  previous  contracts,  viz : 

1.  Granite  ^all,  (including  granite  facing  and  coping,  concrete  foundation  and  back- 
in^,)  at  $58.19  per  linear  foot. 

2.  Concrete  tor  additional  foundation,  if  required,  in  excess  of  that  called  for  by  the 
drawings  and  specifications,  at  $10.25  per  cubic  yard. 

3.  Excavation  for  the  foundation,  at  !^1  per  cubic  yard. 

4.  Back-filling,  at  50  cents  per  cubic  yard. 

5.  Paving,  (including  paving-stones  and  cobble-stones,  shingle  and  gravel  for  bedding 
for  same,)  at  85  per  superficial  yard. 

The  contractor  commenced  work  under  his  last  contract  early  in  May, 
1873,  and  up  to  Ist  of  July  he  had  finished  liyl^^^^  linear  feet  of  granite 
wall  proper,  ooS^^*^  cubic  yards  of  excavation  fur  the  foundation,  and 
1,300  cubic  yards  ot  back-filling.  Work  was  continued  by  him  from  July 
1  until  the  1st  of  December,  1873,  when  it  was  suspended  until  March, 
and  then  resumed  and  continued  until  its  completion  about  the  last  of 
July,  1874. 

During  the  fiscal  year  ending  June  30, 1874,  the  work  done  under  the 
contract  of  May  8,  li573,  was  as  follows,  viz : 

Three  hundred  and  eighty  and  one- third  linear  feet  of  grauite  wall,  completed  in  Sep- 
tember, 1873,  to  the  projected  length  of  2,080  feet ;  776f  cubic  yards  of  excavation  for  the 
foundation,  completed  in  Septera1)er,  1873 ;  3,770^  cubic  yards  of  back-tilling  of  earth 
idaced  behind  the  wall,  and  3,038.6  superficial  yards  of  granite  paving  laid.  The  total 
quantity  of  work  done  by  Mr.  James  Andrews  under  his  contract  of  May  8, 1873,  up  to 
the  1st  of  July,  1874,  consisted  of  541.7  linear  feet  of  granite  wall ;  1,:}35tVo^  cubic 
yards  of  excavation  for  the  foundation  ;  5,070^  cubic  yards  of  earth  back-filling,  and 
3,038^^  superficial  yards  of  granite  paving ;  leaving  to  be  done  under  that  contract  for 
the  entire  completion  of  the  wall,  only  550  cubic|yards  of  back-filling,  and  353i  super- 
ficial yards  of  granite  paving. 

In  addition  to  the  above  contract  work,  there  have  been  built  since 
about  the  Ist  of  April,  1874,  for  the  protection  of  the  concrete  founda- 
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tion  of  tbis  sea-wall  where  most  exposed  to  injury  by  storms  and  cur- 
rents, about  750  linear  feet  of  stone  apron  and  7  jetties,  leaving  for 
completion  225  linear  feet  of  apron  work  and  3  jetties.* 

6.  Sea-tcalls  on  Deer  Island, — The  three  sea-walls  on  this  island  were 
built  about  thirty-five  years  ago  for  the  protection  and  preservation  of 
the  north,  middle,  and  south  heads,  and  were  respectively  1,740,  840, 
and  420  feet  in  length.  The  injury  which  these  walls  had  sustained 
from  the  violence  of  the  storms  was  such  as  to  necessitate  the  rebuild- 
ing of  them  to  a  great  extent.  This  was  commenced  in  1865  and  com- 
pleted in  1869 ;  not,  however,  to  the  extent  that  has  since  proved  to 
have  been  necessary.  On  an  inspection  of  them  it  was  found  that  in 
numerous  places  the  stone  in  the  lower  course  of  the  north  head  wall 
had  been  moved  out  of  place :  that  the  granite  paving  in  the  rear  of 
this  wall,  for  a  length  of  6S  feet,  bad  still  to  be  completed,  and  that 
about  70  linear  feet  of  the  old  paving  required  relaying,  and  that  the 
wall  otherwise  needed  repairs. 

These  repairs  were  taken  in  hand,  with  hired  labor,  on  the  loth  of 
October,  and  were  completed  early  in  November,  1873. 

7.  Straightening^  icidening^  and  deepening  the  main  ship-channel  at "  The 
Narrows.^ — This  work  consists  in  the  removal  of  portions  of  Brewster's 
Spit  and  LovelPs  Island,  so  as  to  obtain  a  depth  of  23  feet  at  mean  low- 
water,  for  a  width  of  600  feet,  with  proper  slopes  up  to  the  18-foot 
curve. 

Work  was  commenced  on  Lovell's  Island  in  1867,  and  continued  dur- 
ing that  and  the  two  following  years,  until  suspended  for  want  of  funds. 
The  officer  then  in  charge  of  this  work  reported  that  by  these  opera- 
tions the  whole  southwest  point  of  this  island  was  cut  off  for  a  width 
of  260  feet  from  the  top  of  the  bank  in  a  regular  slope  to  a  depth  of  23 
feet  at  mean  low-water ;  and  that  the  channel  at  that  point  had  been 
widened  at  the  depth  of  18-foot  curve  from  its  former  width  of  365  feet 
to  625  feet. 

With  a  view  to  ascertaining  the  condition  of  the  channel  in  "  The 
Narrows"  and  its  vicinity,  and  what  changes,  if  any,  had  taken  place 
therein  since  the  completion  of  the  improvements  there,  including  the 
enlargement  of  the  channel  at  LovelFs  Island,  a  resurvey  of  that  local- 
ity was  made  under  my  direction,  in  July  and  August,  1872,  by  my 
assistant,  Mr.  H.  F.  Bothfeld,  civil  engineer,  whose  report  thereon,  and 
map,  dated  February  18, 1873,  accompanied  my  report  for  the  fiscal 
year  ending  June  30, 1873.  On  referring  to  this  map  it  will  be  seen 
that  the  channel  at  the  southwest  point  of  Lovell's  Island  has  not 
changed,  to  any  considerable  extent,  since  the  dredging  operations  were 
closed  in  1869 ;  that  the  18-foot  curve  is  now  very  nearly  the  same  as  it 
was  then  ;  and  that  the  shore  above  low-water  line  has  acquired  a  more 
natural  slope  of  8  feet  horizontal  to  1  foot  rise  by  the  receding  inland  of 
the  high- water  line ;  also,  that  the  flats  off  the  southeast  point  of  Lov- 
ell's  Island  have  advanced  so  much  toward  the  main  channel  as  to  ma- 
terially impede  and  endanger  navigation.  It  will  also  be  seen  that 
the  extreme  westerly  end  of  Brewster's  Spit  has  continued  to  extend 
in  a  westerly  or  southwesterly  direction,  the  point  on  low-water  line 
being  120  feet  further  out  than  in  1860,  and  the  present  18-foot  curve 
168  feet  from  that  of  1860. 

The  estimated  cost  of  the  improvement  of  *'  The  Narrows  "  b}'  the 
excavation  from  LovelPs  Island  to  a  dei)th  of  23  feet  at  mean  low-water, 
for  a  width  of  600  feet,  with  proper  slopes  inward,  and  by  excavating 

*  This  work  was  eotirely  completed  early  in  August,  1874. 
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Brewster's  Spit,  as  shown  on  the  drawing  above  referred  to,  is  as  fol- 
lows, viz : 

1.  Brewster's  Spit,  C0,000  cubic  yards  dredging  on  westerly  extremity  ef  the 

spit,  at  40  cents $24,000  00 

2.  LiOveH's  Island,  40,000  cubic  yards  dredging  on  southeast  point  at  40 

cents • 16,000  00 

3.  Loveirs  Island,  40,000  cubic  yaitls  dredging  on  southwest  point  at  40 

cents ..     16,000  00 

Total 56,000  00 

The  improvements  projected  at  the  west  end  of  Great  Brewster  Bar 
and  at  the  southeast  point  of  Lovell's  Island  are  at  once  to  be  taken  in 
hand,  under  the  appropriation  for  this  harbor  made  by  act  of  June  23, 
1874.* 

8.  Widening  and  deepening  thechannel  throughthe  *^  Upper  Middle  Bar.^^ — 
The  improvement  projected  for  this  bar  consists  in  opening  through  it 
a  channel  to  a  width  of  600  feet,  and  a  depth  of  23  feet  at  mean  low- 
water,  the  average  length  of  the  '^cut"  being  2,200  feet,  with  an  exca- 
vation of  from  1  to  7  feet. 

The  work  done  up  to  the  1st  of  July,  1873,  amounted  to  the  excava- 
tion of  40,425  cubic  yards,  by  which  an  entire  "cut''  was  completed  to 
a  width  of  40  feet,  and  a  length  of  1,800  feet,  and  a  second  "  cut"  com- 
pleted for  a  length  of  1,040  feet,  and  to  a  depth  of  23  feet  at  mean  low- 
water,  including  the  removal  of  a  large  bowlder,  (discovered  in  the 
channel  in  1872,)  having  but  ICJ  feet  of  water  on  it  at  mean  low-water. 

On  the  27th  of  January,  1874,  proposals  were  invited  for  75,000  cubic 
yards,  more  or  less,  of  dredging  and  rock-excavation,  in  continuation  of 
this  improvement,  and  a  contract  was  made  for  the  work  on  the  5th  of 
March,  1874,  with  the  Atlantic  Dredging  Company,  of  Brooklyn,  IN".  Y., 
who  were  the  lowest  of  four  bidders,  at  64  cents  per  cubic  yard  for 
dredging  as  measured  in  the  scows,  and  $35  per  cubic  yard  for  the  ex- 
cavation of  ledge  and  bowlders  exceeding  six  tons  in  weight 

Operations  were  commenced  under  this  contract  early  in  April,  1864, 
and  have  since  been  continued;  eight  thousand  four  hundred  and 
seventy-six  cubic  yards  of  dredging  having  been  done  up  to  the  1st  of 
July,  1874,  leaving  about  66,500  cubic  yards  still  to  be  done  in  comple- 
tion of  the  contract. 

The  appropriation  made  by  act  of  June  23, 1874,  for  continuing  the 
improvement  of  this  harbor,  will  be  applied  in  part  to  continuiug  this 
work  by  contract  after  inviting  proposals  for  the  same,  t 

9.  Removal  of  NaaWa  EocJc, — Nash's  liock  (so  called)  is  a  shoal  lying  in 
the  outer  entrance  to  Boston  Harbor,  about  one-third  of  the  way  over 
from  Brew^ster  Spit  to  Point  Allerton.  This  shoal  was  sur^^eyed  under 
my  instructions,  in  September  and  October,  1873,  by  my  assistant  engi- 
neer, Mr.  H.  ¥.  Bothfeld,  and  a  special  report  thereon,  accompanied  by 
drawings,  waij  submitted  to  the  Department  on  the  24th  of  March,  1874. 
From  information  acquired  by  this  survey  it  is  seen  that  the  only  por- 
tion of  this  shoal  which  it  would  be  advisable  and  practicable  to  im- 
prove, is  that  having  less  than  21  feet  of.  water  over  it  at  mean  low- 
water,  which  i)ortion  has  an  area  of  637J  superficial  yards,  and  would 
require,  in  order  to  obtain  a  depth  of  21  feet,  the  excavation  and  remo- 
val of  about  200  cubic  yards  of  bowlders,  shingle,  &c.,  at  an  estimated 

*  Proposals  wcro  invited  for  this  work,  and  contracts  were  made  early  in  September, 
1874 — to  be  completed  on  or  before  the  30tb  June,  1875. 

tA  contract  was  made  for  this  work  September  1, 1874,  with  the  Harbor  Improve- 
ment Company,  of  Boston,  for  42,000-55,000  cnbic  yards  of  dredging,  at  85  cents  per 
cubic  yard,  to  be  completed  on  or  before  the  15th  of  August,  1875. 
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cost  of  $5,000,  whereas,  to  remove  the  whole  shoal  to  a  depth  of  23  feet 
below  the  plane  of  mean  low-water,  would  require  the  additional  exca- 
vation of  over  16,000  cubic  yards  of  similar  material  over  an  area  of  9^'^ 
acres,  the  cost  of  which  would  be  greatly  disproportionate  to  the  beuelit 
that  would  result  therefrom. 

10.  Completing  the  removal  of  Kelly's  Ro€l\ — This  rock  lies  in  the  main 
ship-channel,  distant  about  700  yards  in  a  direction  southeast  by  south 
from  the  Bug  Light,  (at  the  Narrows,)  and  in  the  line  of  entrance  buoy 
No.  1  and  Bug  Light. 

In  the  autumn  of  1869  operations  were  commenced  upon  this  ledge 
for  its  removal,  by  blasting  to  a  depth  of  23  feet  below  the  plane  of 
mean  low-water,  and  they  were  continued  up  to  the  end  of  December, 
1870.  These  operations  were  resumed  in  June,  1873,  and  were  contin- 
ued until  the  25th  of  July  following,  during  which  time  118  tons  of  rock 
were  removed.  An  accurate  survey,  since  made,  shows  that  there  is 
still  an  area  of  about  320  superficial  yards  of  this  ledge  which  has  less 
than  the  projected  depth,  on  the  shoalest  parts  of  which  there  are  but 
21.2  feet  of  water  at  mean  low-water.  In  order  to  obtain  the  full  depth 
of  23  feet  at  mean  low-water,  the  additional  removal  of  not  less  than 
80  cubic  yards  will  be  required,  the  estimated  cost  of  vrhich  is  85,000. 
It  is  contemplated  to  have  this  work  completed  under  the  appropriation 
made  for  this  harbor  by  act  of  June  23, 1874. 

11.  Removal  of  Sunken  Ledge,  siUiated  in  theNarroics^heticeen  Georges 
Island  and  Great  Brewster  Spit — This  ledge  was  discovered  in  Septem- 
ber, 1872,  in  a  resurvey  of  "  The  Narrows,'^  made  under  my  direction, 
by  my  assistant,  Mr.  H.  F.  Bothfleld,  civil  engineer,  and  a  careful  re- 
survey  of  it  was  made  in  July,  1873,  a  drawingof  which  has  been  furnished 
the  Department.  It  is  situated  near  the  middle  of  the  main  ship-chan- 
nel, directly  in  the  track  of  all  large  vessels,  and  particularly  of  the 
European  steamers,  and  is  distant  317  yards  in  a  direction  west  by  south 
from  Bug  Light.  It  is  an  outcropping  of  ledge  of  argillaceous  slate, 
with  its  laminations  much  contorted.  In  its  longest  direction  it  lies 
obliquely  to  the  channel,  running  from  north  to  southeast  by  east  for 
41  feet,  with  an  average  width  of  nearly  10  feet,  its  highest  point  hav- 
ing but  18.9  feet  of  water  upon  it  at  mean  low-water.  Its  area  in  the 
plane  of  23  feet  below  mean  low- water  is  44J  square  yards,  and  its  cubic 
contents  above  this  plane  is  ICJ  cubic  yards. 

The  removal  of  this  ledge  to  a  depth  of  23  feet  at  mean  low- water  is 
recommended  ;  the  estimated  cost  of  which  is  8500. 

It  is  contemplated  to  have  this  ledge  removed  to  a  de[)th  of  23  feet 
below  mean  low- water,  under  the  appropriation  of  June  23, 1874.* 

12.  Removal  of  State  and  Palmyra  Rocks. — A  survey  was  made  of  these 
rocks  in  August,  September,  and  October,  1873,  by  my  assistant  engi- 
neer, Mr.  H.  P.  Bothfeld,  under  my  direction  and  in  accordance  with  my 
project  submitted  to  the  Department  under  date  of  April  2,  1873,  of 
which  a  special  report  and  drawings  were  transmitted  to  the  Depart- 
ment on  the  25th  of  May,  1874. 

In  this  survey  more  than  2,100  soundings  were  made  over  an  area  of 
about  40,000  square  yards,  the  greater  part  of  which  were  over  the 
shoal  ground  south  of  the  line  connecting  the  buoys  K"os.  8  and  10,  as 
shown  upon  the  drawing.  Forty  borings  were  also  made  to  ascertain 
the  character  of  the  bottom  of  the  shoal.  By  this  survey  it  was  ascer- 
tained that  State  Bock  and  Palmyra  Kock,  of  the  position  and  character 

*A  coDtract  was  made  for  this  work  Aagust  31,  1874,  with  Mr.  William  H.  Lloyd,  of 
BostOD,  who  was  the  lowest  of  two  bidders  therefor,  at  $400  for  the  job,  and  early  in 
{September  it  was  completed. 
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of  which  but  little  was  previously  kaown,  are  situated  very  near  each 
other,  and  most  probably  are  outcroppings  of  the  same  ledge,  forming 
spurs  on  the*  southern  side  of  the  Lower  Middle  Bar,  at  the  points 
marked  A  and  B  on  the  drawing,  which  are  distant  about  one-half  a 
mile  due  east  from  the  wharf  at  Fort  Independence.  It  was  also  ascer- 
tained that  this  shoal  ground  generally  consists  of  a  top  layer  of  sand 
and  shells,  occasionally  mixed  with  gravel  and  clay,  averaging  about 
one  foot  in  thickness,  with  a  substratum  of  grayish-blue  clay  or  slate 
ledge.  In  several  places  from  2  to  3  feet  of  clay  was  penetrated  before 
striking  the  ledge;  whilst  in  others  the  ledge  was  bare. 

As  the  main  ship-channel  is  here  about  800  feet  wide,  it  is  not  deemed 
necessarj'^  to  undertake  its  enlargement  by  a  general  excavation  of  this 
extensive  shoal.  But  in  order  to  increase  the  safety  of  navigation  it  is 
recommended  that  the  most  dangerous  points  of  ledge  and  bowlders  be 
removed  from  the  southern  part  of  this  shoal  to  a  depth  of  14  feet  be- 
low mean  low-water,  which  is  probably  sufficient  for  such  vessels  as  are 
liable  to  be  benefited  thereby-  . 

For  this  purpose  the  removal  of  the  following  rocks  will  be  necessary, 
viz : 

a.  At  the  point  marked  F  on  the  drawing,  that  boinji^  the  ledge  on  which  the  steamer 
Norman  ran  and  stuck  fast  for  two  days^  in  18B9.  Its  highest  point  is  3.7  feet  above 
the  proposed  14-foot  plane,  and  has  an  area  in  that  plane  of  about  23  square  yards,  re- 
quiring the  removal  of  about  12  cubic  yards  of  ledge. 

h.  At  the  point  marked  G,  where  the  ledge  is  2^  feet  above  the  proposed  14-foot 
plane,  with  an  area  of  about  30  square  yards  in  that  plane,  requiring  the  removal  of 
about  12  cubic  yards  of  ledge. 

c.  At  the  point  marked  H,  where  there  are  several  small  hc-vlders,  or  bowlder-shaped 
outcroppings,  covering  an  area  of  about  16  square  yards,  the  highest  of  which  are  2| 
feet  above  the  proposed  14 -foot  plane,  and  are  estimated  to  contain  about  S  cubic  yards, 
in  addition  to  which  it  will  be  necessary  to  remove  about  8  cubic  yards  of  sand  and 
shells  lying  among  the  bowlders  in  order  to  obtain  14  feet  of  water  over  this  area. 

d.  At  the  points  marked  K,  I,  L  near  the  point  H,  the  most  salient  part  of  the  shoal, 
are  outcroppings  of  the  ledge  having  respectively  17^  feet,  16^  feet,  and  16|  feet  of 
water  over  them  at  mean  low-water.  Owing  to  the  greater  proximity  of  these  rocks 
to  the  main  ship-channel  it  would  be  advisable  to  remove  them  to  a  depth  of  18  feet 
below  the  plane  of  mean  low- water,  requiring  the  removal  of  only  ul^oiit  5  cubic  yards 
of  ledge. 

e.  At  the  point  marked  D,  near  the  line  connecting  bnoys  Nos.  8  and  10,  is  another 
outcropping  of  the  ledge,  the  shoalest  of  all  having  over  its  highest  point  but  8  feet  of 
water  at  mean  low-water,  requiring  the  removal  of  about  25  cubic  yards  of  ledge  in 
order  to  obtain  a  depth  of  13  feet,  which  is  here  deemed  sufiicient  below  mean  low- 
water. 

To  effect  the  improvement  proposed  as  above  will  require  altogether 
the  removal  of  about  62  cubic  yards  of  rock,  the  cost  of  which,  at  $25 
per  cubic  yard,  would  be  $1,550. 

The  removal  of  these  rocks,  with  a  more  suitable  placing  of  buoys 
Nos.  8  and  10,  would  greatly  improve  the  navigation  of  this  part  of  the 
harbor. 

It  is  contemplated  to  have  these  rocks  removed  during  the  coming 
fiscal  year  under  the  appropriation  made  by  act  of  June  23, 1874,  for 
the  improvement  of  this  harbor.* 

13.  Surveys  of  sunken  rocks. — The  discovery  in  September,  1872,  of  an 
unknown  rock  in  the  main  ship-channel  at  the  Narrows,  in  the  vicinity 
of  Lower  Cor  win  and  Kelly's  Kocks,  created  a  doubt  as  to  the  existence 
of  other  unknown  rocks  in  that  vicinity. 

*A  contract  was  made  for  this  work  August  31,  1874,  with  Mr.  William  H.  Lloyd, 
of  Boston,  Mass.,  who  was  the  lowest  of  two  bidders  therefor,  at  {li^OO,  to  be  com- 
pleted on  or  before  June  30, 1875. 
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In  Jaly,  1873,  a  careful  examioatioa  of  this  channel  was  made  by 
dragging  for  several  days  between  Corwin  Eock  and  the  northwest 
point  of  George's  Island,  and  by  taking  a  large  number  of  range  and 
random  soundings  east  of  Kelly's  Eock,  but  without  discovering  any 
new  rocks  having  less  than  23  feet  of  water  over  them  at  mean  low- 
water. 

A  similar  examination  has  also  been  made  over  the  shoals  east  of 
Great  and  Little  Fawn,  in  Broad  Sound,  in  order  t6  ascertain  the  local- 
ity of  certain  dangerous  rocks,  the  existence  of  which  has  been  reported ; 
but  after  a  careful  and  extended  search  over  an  area  of  1^000  by  500  feet, 
which  was  found  to  be  covered  with  numerous  bowlders  of  various  aizes, 
no  rocks  were  found  having  less  than  13  feet  of  water  over  them  at  mean 
low- water. 

The  navigation  of  the  north  channel  is  almost  always  dangerous,  and 
is  especially  so  at  low-water. 

To  remove  all  the  rocks  that  would  be  necessary,  should  the  improve- 
ment of  the  na\igation  of  this  place  be  undertaken,  would  cost  much 
more  than  would  be  warranted  by  the  benefit  thereby  gained. 

In  connection  with  the  foregoing  surveys,  observations  have  been  made 
at  Lo veil's  Island,  during  the  past  season,  on  the  rise  and  fall  of  the 
tides  during  a  period  of  three  lunations,  and  the  plane  of  mean  low- 
water,  as  determined  thereby,  has  been  marked  by  permanent  benches 
for  future  reference  in  the  improvements  to  be  made  in  that  part  of  the 
harbor. 

Similar  observations  were  also  taken  during  the  months  of  August, 
September,  and  October,  1873,  at  the  wharf  of  Fort  Independence,  ou 
Castle  Island,  preparatory  to  a  continuance  of  the  dredging  at  the  upper 
middle-bar. 

In  the  work  heretofore  i^rojected  for  the  preservation  and  improve- 
ment of  Boston  Harbor  the  attention  of  the  Department  has  not  been 
called  to  the  condition  of  the  low  land  near  the  southern  extremity  of 
Long  Island,  and  its  bearing  upon  the  preservation  of  Sculpin-Ledgre 
Channel.  During  the  extraordinary  gale  of  the  7-llth  of  October,  1873, 
this  low  laud  was  overflowed  and  so  washed  out  as  to  create  serious^ 
apprehensions  as  to  the  danger  that  might  ensue  to  that  channel.  A 
survey  was  at  once  made  of  this  locality,  in  order  to  determine  its  con- 
dition and  to  ascertain  what  changes,  if  any,  had  taken  place  since  the 
survey  of  1860,  as  well  as  the  cause  of  those  changes.  This  survey 
showed  that  both  the  eastern  and  western  shore-crests  of  the  low  neck 
of  land  which  connects  the  south  head  with  the  main  part  of  Long  Island 
had  been  considerably  weakened,  in  width  as  well  as  in  height,  since 
1860,  but  that  the  main  portion  of  the  low  land  did  not  appear  to  have 
changed  since  then  in  character  or  level ;  also,  that  Sculpin-Ledge 
Channel  had  been  somewhat  encroached  upon,  the  12-foot  curve  being- 
about  60  feet  farther  from  the  shore  than  in  1860. 

It  moreover  appeared,  on  investigation,  that  all  the  damage  done  to 
those  crests  was  caused  by  the  removal,  for  sale,  of  a  very  large  quantity 
of  stone  ballast,  shingle,  gravel,  and  sand  from  the  shores,  by  the 
owner  of  the  land,  with  the  permission  of  the  municipal  authorities  of 
Boston,  from  10,000  to  12,000  tons  of  gravel  having  been  removed  to* 
one  wharf  in  Boston  between  the  1st  of  June  and  September,  1873. 

In  order  to  prevent,  as  far  as  practicable,  with  a  small  outlay,  any 
further  immediate  damage  to  those  crests,  their  lowest  and  weakest 
portions  were  raised  and  strengthened  throughout,  so  as  to  have  a 
height  of  not  less  than  2i  feet  above  the  plane  of  mean  high-water. 
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Bat  afterward  another  p:ale,  of  still  greater  violence^  occurred  on  the 
16th  and  18th  of  November,  whereby  this  low  land  was  again  over- 
flowed, the  tide  itself  having  risen  higher  than  most  parts  of  the  shore- 
crests.  None  of  the  gaps  of  the  crests,  which  were  closed  a  few  days  pre- 
viously, were  opened  by  this  storm ;  but  close  to,  and  south  of  what  was 
formerly  the  most  northern  gully  and  the  crests  of  the  western  shore, 
another  wider,  if  not  deeper,  depression  was  made,  through  which  the 
tide  will  enter  at  nearly'  every  high-water ;  besides  which  the  shore- 
crests,  for  an  extent  of  two  or  three  hundred  feet,  were  lowered  about 
one  foot. 

The  attention  of  the  city  government  of  Boston  has  been  called  to 
this  matter,  and  it  is  hoped  that  such  action  will  be  taken  by  it  as  may 
be  necessary  for  the  protection  and  preservation  of  this  channel. 

The  following  is  a  recapitulation  of  the  estimated  cost  of  the  several 
works  projected  for  the  further  improvement  of  Boston  Harbor,  viz : 

1.  Completion  of  sea-waU  on  north  head  of  Long  Island,  nnder  existing 

contracts,  not  including  retained  percentage $2, 041  66 

2.  Straightening,  widening,  and  deepening  the  main  ship-channel  at  "  The 

Narrows" 56,000  00 

3.  Completing  the  channel  through  the  upper  middle-bar : 

a,  66,500  cubic  yards  dredging,  at  64  cents,  (as  per  con- 
tract of  March  5, 1874,)  not  iucluding  retained  per- 
centage to  July  1, 1874 142  560  00 

h,  50,000  cubic  yards  dredging,  at  85  cents  (as  per  con- 
tract of  Sejjtember  1, 1874) 42,500  00 

c.  105,000  cubic  yards  additional  dredging,  at  85  cents. .     89, 250  00 

174,310  00 

4.  Removal  of  Nash's  Rock 5,000  00 

5.  Completing  the  removal  of  Kelly's  Rock 5,000  00 

6.  Removal  of  sunken  ledge  in  **  The  Narrows  " 500  00 

7.  Removal  of  State  and  Palmj^ra  Rocks 1,550  00 

Adding  for  engineering  expenses  and  other  contingencies,  say 27, 309  04 

Total 271,710  70 

Amount  available  July  1, 1874 : 151,710  70 

Additional  amount  required  for  completing  the  projected  improvement..  (120,000  00 

The  several  works  built  and  projected  for  the  improvement  of  this  harbor  lie  within 
the  port  of  Boston,  and  in  the  collection-district  of  Boston  and  Charlestown,  Mass. 

The  amount  of  imports  into  this  port  for  the  fiscal  year  ending  June  30,  1H74,  as 
furnished  by  the  United  States  c<»llector  of  customs,  was  $52,212,405 ;  and  the  amount 
of  duties  received  was  $16,505,437  50.  During  the  same  period  about  10,000  vessels  of 
an  estimated  capacity  of  about  2,500,000  tons  arrived  and  sailed  from  Boston  Harbor. 

The  following  papers  are  hereto  appended,  viz : 

Abstract  of  proposals  received,  with  names  of  bidders,  (marked  A.) 
Abstract  of  contracts,  with  names  of  contractors,  (marked  B.) 

Financial  statement 

Balance  in  Treasury  of  United  States  July  1,1873 $151,442  15 

Amount  in  hands  of  officer  and  subject  to  his  check 4,  ^{21  90 

Amount  appropriated  by  act  approved  June  23, 1874 100, 000  00 

Amount  expended  during  the  fiscal  year  ending  June  30, 1874 93, 041  46 

Amount  available  July  1, 1874 151,710  70 

Amount  required  for  the  fiscal  year  ending  June  30, 1876 120, 000  00 

21  ENG 
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A,— Abstract  of  praposah  received  Fehruary  26, 1874,  for  dredging  75,000  cuhio  yards,  more 
or  less,  on  the  upper  middle  bar,  Boston  Harbor,  Massachusetts. 


2?ame8  of  bidders. 


Besidenca 


1^ 


AtUntic  DredfrioK  Com  pan  v 

Curtis,  Fobes&Co 

T.  H.  CrosU^y  , 

Morris  &  Cumings  Dredging  Co 


Brooklyn,  N.T 
Portland,  Me  . . 
Boston,  Mass  . . 
New  York  City 


10  64 
691 
74 
90 


135 

48 
40 
35 


B. — Abstract  of  contracts  made  for  the  improvement  of  Boston  Harbor^  Massachusetts, 


j 

1 

Contractor's  name  and  res- 
idence. 

Nature  of  work. 

1 
p. 

Bemarks. 

1874. 
March  5. 

Atlantic  Dredging  Co.,  of 
Brooklyn,  N.l'. 

Dredging  npper  middle-bar. . . 

Removal  of  ledge  and  bowl- 
dere,  if  required. 

10  64 
35  00 

As   measured  in    the 
scows. 

Y  17. 

IMPROVEMENT  OF  DUXBURY  HARBOR,  MASSACHUSETTS. 

The  following  appropriations  have  been  made  for  the  improvement  of 
this  harbor : 

By  act  of  Congress  approve<IJnne  10,1872 $10,000 

By  act  of  Congress  approved  March  3, 1973 10,000 

Total 20,000 

Under  these  appropriations  contracts  were  made  November  7,1872, 
with  Mr.  Augustus  E.  Wright,  of  Geneva,  N.  Y.,  for  17,000  cubic ^'ards, 
more  or  less,  of  dredging,  at  50  cents  per  cubic  yard  ;  and  May  6, 1873, 
with  Mr.  Hugh  Cuminisivey,  of  Boston,  Mass.,  for  18,000  cubic  yards, 
more  or  less,  of  dredging,  at  49  cents  per  cubic  yard,  in  the  south  chan- 
nel of  this  harbor. 

This  channel  exteuds  from  the  "  Cow-Yard,"  so  called,  up  in  a  north- 
westerly direction  between  Captain's  Hill  and  Kingston  Flats  for  a  dis- 
tance of  about  three  miles.  For  a  distance  of  two  and  one-half  miles  it 
has  a  width  of  not  less  than  200  feet,  with  about  11 J  feet  of  wat^er  at 
mean  low-water,  (or  about  21  feet  at  mean  high-water,)  and  for  the 
remaining  distance  the  channel  is  narrow  and  crooked,  having  a  width 
of  not  more  than  80  feet  for  a  depth  of  8  feet  at  mean  low-water. 

The  improvement  projected  for  this  harbor  consists  in  straightening 
and  widening  the  upper  portion  of  the  channel,  so  as  to  have  a  width  of 
150  feet,  for  a  depth  of  8  feet  at  mean  low- water,  requiring  about  35,000 
cuhicr  yards  of  dredging,  for  which  the  contracts  were  made. 

U[)  to  the  1st  of  July,  1873,  2,638  cubic  yards  had  been  dredged  by 
3lr.  Cummiskey,  under  his  contract  of  May  6,  1873.  This  work  was  con- 
tinued by  him  until  the  22d  of  August,  w^hen  he  completed  his  contract 
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by  the  additional  dredging  of  16,360^'^  cubic  yards,  making  a  total  of 
18,998y'o  cubic  yards. 

Operations  were  commenced  in  September  under  Mr.  Wright's  con- 
tract, and  were  continued  until  the  3d  of  Deceuiber,  1873,  when  they 
were  suspended  until  the  middle  of  May,  1874,  at  which  time  they  were 
resumed  and  continued  nntil  completion,  on  the  30th  of  May,  1874, 
15,G60ygg  cubic  yards  having  been  dredged  by  him  under  his  contract 
of  November  7,  1872. 

Tliis  completes  all  the  work  contemplated  for  the  improvement  of  Dux- 
bury  Harbor. 

Financial  staiement 

Balance  iu  Treasury  of  United  States  Jnly  1, 1873 $11, 976  00 

Amount  iu  hands  of  officer  and  subject  to  his  check,  (including  $258.52  per- 
centage due  on  contracts  not  yet  completed ) 6, 663  54 

Amount  expended  during  the  fiscal  year  ending  June  30, 1874 18, 639  54 


Y  i8. 

IMPROVEMENT  OF  PLYMOUTH  HARBOR,  MASSACHUSETTS. 

The  work  projected  for  the  improvement  of  this  harbor,  consists  in 
the  construction  and  repair  of  bulk-heads,  jetties,  and  groins,  built  for 
the  protection  and  preservation  of  Long  Beach,  which  serves  as  a  break- 
water, and  affords  to  the  harbor  inside  the  only  shelter  it  has  from  east- 
erly storms. 

These  bulk-heads  and  jetties  are  built  either  of  stone,  or  else  of  crib- 
work  and  brush  ballasted  with  stone ;  and  the  groins  of  small  stones, 
with  and  without  brush,  intermixed. 

The  following  appropriations  have  been  made  by  Congress  for  this 
work,  viz  : 

By  act  approved  Jnly  11,  1870 $10,000  00 

By  act  approved  March  3,  1871 10,000  00 

By  act  approved  June  10,1872 2,500  00 

By  act  approved  March  3,  1873 3,000  00 

By  act  approved  June 23, 1874 5,000  00 

Total 30,500  OO 

Amount  available  July  1,  1873 4,288  85 

Amount  expended  during  the  fiscal  year  endin^^  June  30, 1874 4, 237  93 

The  work  for  the  preservation  and  improvement  of  this  harbor  was 
resumed  on  the  1st  of  August,  1873,  and  continued  until  the  latter  part 
of  November,  when  it  was  suspended  until  about  the  1st  of  May  follow- 
ing, and  continued  until  near  the  end  of  the  fiscal  year. 

During  this  period  the  work  done  was  as  follows,  viz: 

Twenty-three  sroins  of  brush  and  stone,  having  a  total  length  of  about  3,000  feet,  and 
10  groius  of  brush  alone,  having  a  total  length  of  534  feet,  were  constructed  ou  the  outer 
extremity  of  Long  Beach.  The  brush  and  stone  groins^were  made  by  placing  brush  flat 
on  the  surface  of  the  beach  and  piling  upon  it  beach  bowlders  to  a  height  of  about  18 
inches.  These  groins  are  about  5  feet  wide.  The  brush  groins  were  made  by  digging 
a  trench  2  feet  by  2  feet,  and  placing  brush  in  it  upright  and  as  close  as  practicable,  the 
brush  being  held  by  sand  being  thrown  into  the  trench  and  wisll  rammed  down,  and  some- 
times further  protected  by  small  bowlders  placed  in  a  row  along  the  sides  of  the  groin. 
The  brush  rises  about  2  or  3  feet  above  the  surface  of  the  beach.  These  groins  are  located 
as  follows:  Eleven  brush  and  stone  groins  and  three  brush  groins  on  the  outside  of  the 
breakwater,  perpendicular  to  it,  and  iu  the  first  800  feet  from  the  beacon  ;  ten  brush 
and  stone  groins  and  six  brush  groins  on  the  outside  of  the  plank  bulk-head,  perpendic- 
ular to  it,  and  along  a  distance  of  300  feet,  commencing  at  a  point  about  1,800  feet  from 
the  beacon  ;  one  brush  and  stone  groin  at  the  beacon,  on  the  inside  of  the  bul|^-head, 
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and  perpendicular  to  it ;  one  on  the  inside  of  and  nearly  parallel  to  the  plank  bnlk-head, 
aboat  500  feet  long,  comroencing  about  400  feet  from  the  beacon ;  and  one  brush  groin 
fills  an  interval  in  the  plank  bulk-head  about  1,700  feet  from  the  beacon.  In  construct- 
ing these  groins  1,583  tons  of  small  bowlders  were  used. 

In  addition  to  this,  over  10,000  hills  of  beach-grass  have  been  plantedi 
and  repairs  have  been  made  where  necessary  upon  the  bulk-head  and 
jetties  on  Long  Beach. 

Amount  available  for  additional  work  July  1, 1874 $5, 050  92 

This  amount  is  to  be  applied  to  building  additional  brush  and  stone 
groins  outside  and  inside  the  main  bulk-head,  and  to  the  repairs  of  the 
brush  bulk-head  and  jetties  and  the  planting  of  beach-grass  where  most 
necessar5^ 

For  the  further  improvement  and  preservation  of  this  harbor  the  fol- 
lowing sums  will  be  required,  viz : 

1.  For  completing  the  work  projected  for  the  preservation  of  Long  Beach, 

and  for  such  repairs,  planting  of  beach-grass,  &c.,  as  may  be  necessary . .  |2, 000 

2.  Should  it  be  decided  to  improve  the  harbor  by  dredging,  as  described 
in  my  special  report  to  the  Department,  dated  February  14, 1874,  (a  copy 
of  which  is  hereto  appended,)  it  is  therein  estimated  that  the  cost  thereof 

wiUbe 28,000 

Total 30,000 

Mrumcial  statement 

Balance  in  Treasury  of  United  States  July  1, 1873 |.3,000  00 

Amount  in  hands  of  officer  and  subject  to  his  check 1, 288  85 

Amount  appropriated  by  act  approved  June  23, 1874 5, 000  00 

Amount  expended  during  the  fiscal  year  ending  June  30, 1874 3, 860  90 

Amount  available  July  1,  1874 5, 427  92 

Amount  required  for  the  fiscal  year  ending  June  30, 1876 30, 000  00 


Y  ig. 

IMPROVEMENT  OF  ^VELLFLEET  HARBOR,  MASSACHUSETTS. 

By  an  act  of  Congress  approved  June  10, 1872,  the  sum  of  $5,000  was 
appropriated  for  the  removal  of  rocks  at  entrance  of  this  harbor,  and  a 
contract  was  made  August  23, 1872,  with  Mr.  Samuel  Dyer,  of  Truro, 
Mass.,  the  lowest  bidder,  for  the  removal  of  the  following-named  sunken 
rocks,  which  had  been  found  by  a  special  survey  to  be  the  most  danger- 
•ous  obstacles  to  navigation,  viz : 

1.  Channel  Rock,  situated  about  2,000  yards  to  the  southeast  of  Bil- 
lingsgate light,  and  lying  in  about  12^  feet  of  water,  with  only  2  feet  oi 
water  over  it  at  mean  lo\^water. 

2.  Lobster  Bock,  situated  in  mid-channel,  about  1,400  yards  to  the 
•eastward  of  Billingsgate  light,  and  lying  in  about  18  feet  of  water  at 
onean  low-water,  with  only  4i  feet  of  water  over  it  at  mean  low-water. 

3.  Lumpfish  Rock,  situated  about  500  yards  to  the  northeast  of  Lob- 
ster Eock,  with  3J  feet  of  water  over  it  at  mean  low-water. 

4.  Mayors  Rock,  situated  in  mid-channel,  40  feet  west  of  Buoy  No.  7, 
and  lying  in  8  feet  of  water,  with  2.7  feet  of  water  over  it  at  mean  low- 
water. 
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5.  Bay  Rock^  situated  about  700  yards  to  the  northwest  of  Mayors 
Bock,  and  lying  in  6  feet  of  water,  and  awash  at  mean  low-water. 

On  the  14th  of  May,  1873,  work,  which  had  been  suspended  during 
the  winter,  was  resumed  upon  the  removal  of  these  rocks,  and  up  to  the 
1st  of  July,  1873,  the  following  had  been  done,  viz : 

1.  ChanDel  Rock,  completed. 

2.  Mayo'8  Rock,  completed. 

3.  Bay  Rock,  nearly  completed, 

4.  Lobster  Rock,  comraenoed. 

5.  Lumpfish  Rock,  commenced. 

These  operations  were  continued  up  to  the  latter  part  of  July,  when 
the  removal  of  all  the  rocks  contracted  for  was  completed. 

In  addition  to  which  other  sunken  rocks,  not  provided  for  by  the  con- 
tract, were  removed  by  hired  labor — one  lying'  about  70  feet  from  Chan- 
nel Rock  and  nearer  the  mid-channel,  and  others  near  Bay  Bock — 
altogether,  about  60  cubic  yards. 

Balance  of  appropriation  available  July  1, 1873 $4, 179  69 

Amount  expended  since  July  1,1873 4,179  69 

Whereby  all  the  work  projected   under  the  appropriation  of  June  10, 
1872,  has  been  satisfactorily  completed. 

Financial  statement 

Amount  in  hands  of  officer  and  subject  to  his  check $4,179  69 

Amount  expended  during  the  fiscal  year  ending  June  30,  ld74 4, 179  69 


Y  20. 

IMPROVEMENT  OF  PROVINCETOWN  HARBOR,  MASSACHUSETTS. 

Under  the  several  appropriatious  heretofore  made  for  the  preservation 
and  improvement  of  this  harbor,  the  following  work  had  been  done  on 
the  1st  of  July,  1873,  viz: 

1.  Bulk-heads  and  jetties  of  various  descriptions  had  been  built  from  time  to  time 
along  Beach  Point  for  its  preservation  and  protection,  both  by  the  United  States  Gov- 
ernment and  by  the  local  authorities. 

2.  A  dike  ^as  built  in  1860  and  1869  by  the  State  of  Massachusetts  across  the  outlet 
of  East  Harbor  Creek. 

3.  A  dike  was  built  in  1868  and  1869  by  the  ITnited  States  Government  across  East 
Harbor  Creek,  at  the  Wading  Place,  near  High  Head,  about  two  miles  above  the  outlet 
of  the  creek. 

4.  Wooden  bulk-heads  and  ietties  had  been  built  at  different  times  for  the  protection 
and  preservation  of  the  beach  on  Long  Point. 

5.  A  stone  bulk-head  had  been  commenced  for  the  protection  and  preservation  of 
the  outer  end  of  Long  Point,  opposite  the  light-house  and  the  Three-Gun  Battery.     . 

6.  A  substantial  dike  (272  feet  in  length)  was  built  in  1871>-'72  across  the  head  of 
Lancey's  Harbor,  near  Abel  Hill. 

7.  Beach-grass  planted  on  Beach  Point,  Long  Point,  Abel  Hill,  Cove  Section,  and 
Oblique  Section,  and  at  the  last  two  places  brush  had  also  been  laid  for  their  further 
protection. 

8.  The  projected  extension  of  the  several  jetties  on  Beach  Point  and  State  Dike  had 
been  nearly  completed ;  and 

9.  Accurate  resurveys  had  been  made  (1871,  1872,  and  187.3)  of  Cove  Section, 
Oblique  Section,  Beach  Point,  and  Long  Point,  together  with  elaborate  soundings  and 
carrent  observations  in  the  inner  harbor. 

Amount  available  July  1, 1873,  for  the  continued  preservation  of  this  work  was 
$2,386.62. 
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In  the  month  of  July,  1873,  work  was  prosecuted  with  hired  labor 
upon  the  projected  extension  of  the  jetties  on  Beach  Point,  and  on  the 
1st  of  August  it  was  suspended  until  the  1st  of  December,  1873,  wlien 
it  was  again  resumed  and  continued  until  the  1st  of  May,  1874,  and 
then  again  suspended  until  the  latter  part  of  July,  1874. 

The  work  done  during  the  year  has  been  applied  as  follows,  viz : 

1.  To  the  completion  of  aU  the  jetties  on  Beach  Point  and  State  Dike  to  the  extent 
projected,  and  of  bruBh  and  stone  ^rroius  connecting  the  onter  ends  of  the  jetties. 

2.  To  the  repair  of  the  bnlk-head  and  jetties  on  Beach  Point  and  State  Dike,  and 
beach-grass  planted  where  most  necessary. 

3.  To  rebuilding  and  strengthening  the  onter  end  of  the  stone  balk-bead  on  Long 
Point;  and 

4.  To  building  at  Cove  Section  a  bulk-head  of  timber  and  brush,  ballast.ed  with  st4)ne, 
190  feet  long,  rendered  necessary  for  the  protection  and  preservation  of  the  beach  at 
that  place,  from  the  fact  that,  by  the  extraordinary  gale  of  November  16,  187:i,  the 
crest-line  of  the  shore;  for  an  extent  of  about  200  feet,  had  been  carried  30  feet  inward 
and  lowered  about  3  feet,  so  as  to  have  a  height  of  only  about  10  feet  above  the  plane 
of  ordinary  high-water.  This  bulk-head  was  completed  about  the  middle  of  January, 
1874,  when,  owing  to  another  very  nnusnal  storm,  the  beach  was  still  further  encroached 
upon,  so  as  to  make  it  advisable  to  remove  the  bulk-head  further  inward,  where  it 
would  require  a  total  length  of  abont  590  feet,  for  the  reasons  stated  in  my  special 
report  to  the  Department  dated  January  21, 1874.  For  want  of  sufficient  funds,  this 
work  was  not  undertaken  at  that  time. 

On  the  1st  of  July,  1874,  there  was  available  for  the  improvement  of 
this  harbor  (including  $6,000  appropriated  by  act  of  June  23,  1874) 
the  sum  of  $6,103.48,  which  it  has  been  decided  to  have  applied  as 
follows,  viz : 

1.  Repairs  of  bnlk-head  and  jetties  and  building  of  short  brush  and  stone  groins  on 
Beach  Point. 

2.  Extending  and  strengthening  stoi^e  bulk-head  for  the  protection  and  preservation 
of  Long  Point,  in  front  of  the  light-house  and  Three-Guti  Battery. 

3.  Building  a  brush  bulk-head  and  jetties  for  the  preservation  of  the  beach  at  Cove 
Section,  on  the  onter  beach.  The  materials  for  all  the  projected  work  to  be  purchased 
in  open  market  and  the  work  to  be  done  with  hired  labor. 

For  continuinir  the  works  required  for  the  preservation  of  this  harbor, 
the  additional  sum  of  $5,000  will  be  required  for  the  fiscal  year  ending 
June  30, 1876,  for  the  following  purposes,  viz : 

1.  Repairs  of  bulk-head  and  jetties  on  Beach  Point  and  State  Dike $700 

2.  Kepairing  dike  at  Wading  Place,  near  High  Head 200 

3.  Extending  and  raising  stone  bulk-head  for  tlie  protection  and  preservation  of 
Long  Point,  near  the  light-house  and  Three-Gun  Battery 1, 500 

4.  Additional  work  on  dike  at  Lancey^s  Harbor 50 

5.  Planting  beach-grass  for  the  preservation  and  strengthening  of  outer  beach..       700 

6.  Resurvey  of  outer  beach,  Long  Point,  Beach  Point,  &c 400 

Adding  for  contingencies,  say 1,450 

Total 5,000 

Provincetown  is  a  port  of  entry  within  the  collection-district  of  Barnstable. 

The  amount  of  revenue  received  at  this  port  during  the  fiscal  year  ending  June  90, 
1874,  was  $1,312.80. 

The  number  of  vessels  engaged  in  coasting  trade  and  foreign  trade  which  have 
resorted  to  this  harbor  for  refuge  and  trade  during  the  past  year,  (as  stated  by  the 
deputy  collector  at  that  port,)  from  the  best  available  information,  is  estimated  to  be 
not  less  than  8,500  sail. 

Financial  statement. 

Balance  in  Treasury  of  United  States  July  1, 1873 $.3,000  00 

Amount  appropriated  by  act  approved  June  23, 1874 6, 000  00 

Amount  expended  during  the  fiscal  year  ending  June  30, 1874 2,283  14 

Amount  available  July  1,  1874 6, 103  44 

Amount  required  for  the  fiscal  year  ending  June  30, 1876 5, 000  00 
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Y  21. 
SUBVEY  OF  AROOSTOOK  RIVER,  MAINE. 

United  States  Engineer  Office, 

Portland^  Me.,  December  13,  1873. 

General  :  I  have  the  honor  to  submit  the  following  report  on  tbe 
survey  of  Aroostook  Kiver,  Maine. 

This  survey  was  called  for  by  act  of  Congress  approved  March  3, 
1873,  "making  appropriations  for  the  repair,  preservation,  and  com|)le- 
tion  of  certtiin  public  works  on  rivers  and  harbors,  and  for  other  jhu- 
poses,"  and  was  made  in  Angnst  last  by  ]\[r.  Sophus  Qaagensen,  asc^ist- 
ant  engineer,  under  m^''  instructions.  His  report  on  the  same,  prepared 
under  my  direction,  is  also  herewith  submitted. 

This  survey,  which  was  made  for  the  purpose  of  ascertaining  the 
practicability  of  im[U'oviug  the  navigation  of  this  river,  embraced  an 
extent  of  sixty-nine  miles,  commencing  at  the  international  boundary 
near  the  "falls,''  (about  four  miles  above  its  junction  with  the  river  St. 
John,  in  the  province  of  New  Brunswick,)  and  extending  upward  to  the 
mouth  of  the  St.  Croix  or  Masardis  Stream.  This  river  is  navigable,  in 
its  present  condition,  only  for  about  three  months  of  the  year,  even  for 
boats  drawing  but  2  feet  of  water,  its  navigation  being  obstructed  for 
the  remaining  part  of  the  year,  when  not  closed  with  ice,  by  a  great 
number  of  shoals  or  bars  extending  across  the  river,  with  a  depth,  dur- 
ing the  low  stages  of  summer,  varying  from  4  inches  to  2  feet  over  their 
deepest  parts.  These  occur  at  about  ninety  places,  and  generally  con- 
sist  of  coarse  gravel  or  shingle  intermixed  with  loose  bowlders  or  rocks, 
varying  in  weight  up  to  seventy  tons. 

In  order  to  obtain  sufficient  water  over  these  bars  to  make  the  river 
navigable  in  its  lowest  stages  for  boats  drawing  2  feet  of  water,  it  will 
be  necessary  to  excavate  those  bars  and  remove  the  rocks  to  the  requi- 
site depth,  or  else,  where  the  river  widens  or  is  divided  by  islands  into 
several  channels,  to  build  wing-dams,  which  will  throw  the  water  over 
the  deepest  part  of  the  bar  or  close  up  the  side  channels. 

The  estimated*  cost  of  this  work,  as  shown  in  the  accompanying  state- 
ment, is  $50,000,  being  for  making  a  channel  50  feet  in  width  and  2  feet 
in  depth  in  the  lowest  stages  of  the  river,  from  the  international  bound- 
ar^'-line  up  to  Masardis,  a  distance  of  sixty-nine  miles. 

The  extent  to  which  the  commerce  of  the  country  would  be  promoted 
hf  this  work  would  probably  be  limited,  as  tor  several  months  of  the 
year  the  river  is  closed  with  ice;  and  as,  moreover,  the  continuity  of 
vater- transportation  would  be,  as  it  now  is,  broken  by  the  "falls,"  which 
ire  in  the  province  of  New  Brunswick,  about  one  mile  below  the  inter- 
national boundary.  Under  these  circumstances,  it  is  more  than  probable 
that  the  commerce  on  the  river  wonld  continue  t.o  be  merely  local. 
Besides,  the  right  of  navigating  this  river,  it  is  understood,  has  been 
conferred  by  an  act  of  legislature  of  the  State  of  Maine  upon  a  private 
company,  which  would  probably  have  the  exclusive  control  over  it,  even 
if  improved  at  the  expense  of  the  United  States  Government. 

Respectfully  submitted. 

Geo.  Thom, 
Lieut.  Col,  of  EngineerSj  Bvt.  Brig.  Gen.y  U.  8.  A. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  8.  A. 
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Separt  of  Mr,  Sophia  HuagenseUf  Assistant  Engineer, 

United  States  Engineer  Office, 

Portland,  Me,,  December  9, 1873. 

General  :  I  have  the  honor  to  report  npoD  the  examination  of  Aroostook  River  from 
the  "  falls"  near  the  international  bonndary-line  to  the  Junction  of  Aroostook  River 
and  the  St.  Croix  or  Masardis  Stream,  in  the  town  of  Masardis,  made  in  pursuance  of 
your  letter  of  iuHtruction  of  July  S3, 1873. 

I  left.  Calais,  Me.,  July  31 ;  arrived  in  Presque  Isle  August  1,  and  after  completing 
the  examination,  returned  to  Calais,  August  12. 

The  sources  of  Aroostook  River  are  in  Piscataquis  and  Northern  Penobscot  Counties; 
soon  after  entering  Aroostook  County  these  streams  unite  and  form  the  Aroostook 
River  in  township  9,  range  8,  about  latitude  46°  15',  longitude  69°.  From  thence  it 
flows  in  a  northeasterly  direction  through  township  9,  range  7,  9,  range  6,  or  Oxbow 
Plantation,  10,  range  6,  Masardis,  Ashland,  Buchanan,  Castle  Hill,  Wade  Plantation, 
Washburn,  Mapletou,  Maysville,  Lyndon,  Forestville,  and  Fort  Fairfield,  all  in  Aroos- 
took County.  At  Fort  Fairfield,  on  the  international  bonndary-line,  it  enters  New 
Brunswick ;  here  are  the  Aroostook  Falls,  and  four  miles  below  the  river  flows  into 
river  St.  John  near  Tobique  village. 

The  principal  tributaries  to  Aroostook  River  are:  On  the  north  side,  Big  Machias, 
Little  Machias,  Beaver  Brook,  Salmon  Stream,  Caribou  Stream,  and  Little  Madawaska. 
The  Limestone  Stream  joins  the  Aroostook  below  the  ''falls''  in  New  Brunswick.  On 
the  south  side  are :  Umcolcus  Stream,  Masardis  or  St.  Croix  Stream,  Squawpan  Stream, 
Alder  Brook,  and  Presque  Isle  Stream,  besides  a  great  many  smaller  streams.  The 
Aroostook  River  and  Ics  tributaries  water  about  fifty  townships,  or  nearly  eighteen 
hundred  square  miles. 

The  length  of  the  Aroostook  River  from  township  9,  range  8,  to  its  confluence  vith 
the  river  St.  John,  is  ninety-six  miles ;  the  last  four  miles  are  beyond  the  international 
boundary-line. 

The  farthest  settlements  on  the  river  are  in  Oxbow  Plantation,  a  distance  of  eighty- 
three  miles  from  the  bonndary-line,  but  the  most  important  part  of  the  river  which  at 
prp44ent  is  navigated  is  from  the  junction  of  Aroostook  with  the  St.  Croix  Stream  in 
Masardis.  a  distance  of  sixty-nine  miles  by  the  river-channel  to  the  boundary-line,  the 
part  of  tne  river  embraced  in  the  called-for  examination. 

The  navigation  of  this  river  is  at  present  limited  to  a  very  short  time  of  the  fear, 
owing  to  the  numerous  obstructions  in  the  river  at  its  low-water  stage.  The  coitem- 
plated  improvement  would  consist  in  the  removal  of  these  obstructions,  so  as  to  eiablo 
small  steamboats  of  about  50  tous  burden  and  not  over  2  feet  draught  to  navigate  the 
river,  carrying  merchandise  and  passengers  and  towing  lumber. 

An  unobstructed  channel,  with  not  less  than  2  feet  depth  at  the  lowest  snntner 
wrater-level,  and  a  width  of  at  least  50  feet,  will  be  required  for  that  purpose,  and  for 
this  channel  the  following  estimates  have  been  made. 

The  stage  of  the  river  when  the  examination  was  made  was  the  lowest  water  ob- 
served during  the  last  eight  summers,  and  1  foot  below  mean  summer  level ;  cotse- 
quently  favorable  for  observing  and  examining  the  various  obstructions.  Last  year's 
(1872)  summer  water-level  was  very  high,  almost  2  feet  higher  thaathis  summer.  Ibe 
summer  water-level  varies  thus  1  foot  above  or  below  mean  summer  level. 

The  average  level  of  the  river  at  spring  high- water  is  10  feet  above  mean  snmuBr 
water-level.  Last  spring,  which  was  the  bighest  water  observed  for  a  long  period,  tie 
river  was  14  feet  higher  than  when  the  examination  was  made,  or  13  feet  above  mem 
summer  water-level. 

At  present  there  will  only  be  water  enough  during  three  months  of  the  year  to  ena 
ble  boats  of  2- feet  draught  to  navigate  the  river;  with  an  improved  channel,  as  that 
contemplated,  navigation  would  be  extended  to  six  months  of  tne  year. 

The  river  is  settled  along  the  whole  line  of  proposed  improvements  on  both  sides  j 
saw  and  shingle  mills  are  worked  by  its  numerous  tributaries ;  the  lumber  business  is 
already  extensive.  Without  data  the  business  cannot  be  computed,  but  it  is  believed 
that  two  or  more  boats  would  have  constant  employment,  to  the  great  development 
and  advantage  of  the  conntry.  Goods  now  brought  from  Bi>eton  to  the  towns  up  the 
river,  Ashland,  Masardis,  &c.,  are  shipped  to  Calais;  thence  carried  by  rail  to  Houlton, 
and  from  there  hauled  by  teams  a  distance  of  about  seventy  miles;  the  cost  per  t-on  of 
freight  is  $45  to  $50,  whereas  if  the  contemplated  improvements  are  made  freight  could 
be  brought  from  Boston  via  St.  John  River  to  Tobique  for  $12  per  ton  ;  hauled  round 
the  •*  falls"  from  Tobique  to  Fort  Fairfield  for  $1  per  ton ;  and  transported  on  the  river 
steamboat  for  $5  per  ton,  and  vicevei'sa;  in  all,  $18  per  ton,  a  reduction  in  rates  of 
transportation  of  60  per  centum. 

Iron-ore  is  abnndant  along  the  river  in  Wade  Plantation  and  Waahburn ;  works  will 
soon  be  started,  and  the  further  development  of  this  industry  will  be  proportionate  to 
cheap  rates  of  freight. 
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The  natare  of  the  existing  obstructions  are  shoals  or  bars  extending  across  the  river, 
-with  a  depth  of  water  varying  from  4  inches  to  2  feet  over  the  deepest  part ;  they 
are  all  of  the  same  description,  consisting  of  coarse  gravel  or  shingle ;  between  these 
bars  tire  reaches  with  water  from  4  to  10  feet  deep,  often  with  an  nnobstrncted  chan- 
nel, but  frequently  obstructed  by  loose  bowlders  or  rocks,  varying  in  size  from  a  few 
tons  to  70  tons. 

To  obtain  sufficient  water  over  tbese  bars,  viz,  2  feet  at  the  lowest  stage  of  the  river, 
it  will  either  be  necessary  to  excavate  a  channel  through  the  bar,  or,  where  the 
river  widens  or  is  divided  in  several  channels  by  islands,  to  build  wing-dams,  which 
shall  throw  the  water  ov^r  the  deepest  part  of  the  bar,  or  close  up  side  cuannels.  The 
top  of  the  dam  is  proposed  to  be  l^feet  above  lowest  summer  water-level.  When  the 
river  rises  to  this  level,  there  will  be  6ufflcent  water  over  the  bars  and  cuts,  and  the 
wing-dam  will  allow  the  water  to  pass  over  it  at  this  stage.  It  is  proposed  to  build 
these  dams  of  large  bowlders,  which  are  found  in  abundance  near  most  of  the  bars, 
and  the  cost  p^:  running  foot  of  the  dam  is  estimated  at  from' $3  to  |4. 

The  excavation  of  a  channel  through  the  various  bars  could  be  done  best  by  an  irou 
scraper,  drawu  by  oxen  or  horses,  and  the  cost  of  removal  of  material  is  estimated  at 
$1  per  cubic  yard. 

The  removal  of  rocks  obstructing  the  channel  would  be  done  by  hauling  the  rocks 
out  of  the  channel  to  the  river-banks,  in  case  the  rocks  are  not  too  heavy  to  be  started 
from  their  Ubd  by  horses  and  tackle ;  a  great  many  would  have  to  be  drilled  and  blasted ; 
and  where  the  water  is  not  deep  enough  to  allow  the  fragments  to  remain  where 
they  fail,  these  will  have  to  be  hauled  out  of  the  channel. 

On  Davenport  Ledge  (obstruction  No.  86)  a  crib-work  fender-pier  would  have  to  be 
built,  the  current  setting  right  against  the  shore  at  this  point. 

The  accompanying  table  gives  the  name  of  the  various  obstructions,  in  the  order 
they  are  met  with  in  going  down  the  river,  from  Masardis  to  the  boundary-line.  In  the 
third  and  fourth  columns  the  locality  of  each  obstruction  is  given  ;  the  township  in 
which  they  are  found  in  the  third  column ;  the  distance  from  the  boundary-line  to  the 
obstruction  in  the  fourth ;  the  nature  of  the  proposed  work  to  be  done  at  each  place  is 
found  in  columns  five  to  eleven,  inclusive,  as  well  as  the  separate  cost  of  removing 
gravel,  (column  6;)  rock  that  can  be  moved  without  drilling  and  blasting,  (column  7;) 
rock  which  must  be  broken  up  before  removing,  (column  8;)  the  number  of  wing-dams 
to  be  built,  (column  9;)  their  aggregate  length  at  each  obstruction,  (column  10;)  and 
their  estimated  cost,  (column  11.^  lu  column  12  the  aggregate  cost  of  the  various  work 
to  lie  done  at  each  place  is  fonna. 

The  total  cost  of  the  proposed  improvements  for  procuring  a  navigable  channel  50 
feet  wide,  with  not  less  than  2  feet  of  water  in  it  at  the  lowest  stages  of  the  river, 
from  the  international  boundary-line  up  to  Masardis,  where  the  St.  Croix  or  Masardis 
Stream  flows  into  the  Aroostook  River,  the  whole  length  of  said  cbaunel  being  sixty- 
nine  miles,  is  estimated  at  $50.0U0,  viz : 

Cost  of  excavating  channels  in  the  gravel-bars |21, 355 

Cost  of  removing  loose  rocks 5,875 

Coat  of  building  wing-dams 17,100 

Cost  of  fender-pier  on  Davenport  Ledge 500 

44,830 
Contingences,  say ^ 5,170 

Total 50,000 

This  estimate  is  made  under  the  supposition  that  the  work  is  done  when  the  river 
is  at  its  ordinary  summer  level;  a  higher  water  will  increase  the  cost  of  the  work,  es- 
pecially the  removal  of  rooks. 

An  outlay  of  from  $6,000  to  $8,000  would  greatly  benefit  the  navigation  of  the  river; 
this  amount  would  be  sufficient  for  clearing  a  50-foot  channel,  throughout  its  entire 
length,  of  dangerous  rocks,  and  enable  steamboats  of  2  feet  draught  to  pass  from  the 
Aroostook  Falls  to  Masardis  at  stages  of  the  river  when  there  is  2  feet  of  water  over 
the  shoalest  of  its  bars. 

Very  respectfully,  your  obedient  servant, 

Soph  us  Haagknsen, 

AesUtant  Engineer, 
Bvt.  Brig.  Gen.  Geo.  Thom, 

Lieut,  Col.  Corps  of  Engineers, 
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Table  showinff  ohstructhna  to  navigation  in  Aroostook  J2irer,  Maine^  their  looalitffj  the  nature 
of  proposed  loork,  and  the  estimated  cost  of  removing  these  obstructionsj  so  as  to  procure  a 
navigable  channel  of  not  less  than  50  feet  in  widths  and  not  less  than  2  feet  of  water  in  Hat 
the  lowest  summer  water-level.  * 


Name  of  obstraction. 

i 
1 

Proposed  improvements. 

Excavation 
of  gravel. 

Removal  of 
rook. 

Building  of  win 
dams. 

■s 

>* 

1 

o 

1 

1 

6 
'A 

be 

2  . 

§ 
1 

1 

Grordone  Bar 

Masardls.. 
...  do  

69 

66 

65 

64i 

59 

58t 

58* 
57J 

56i 
56* 

55} 

^* 

50} 

50* 

5<) 

49} 

49 

4«} 

48} 

J^l 

48 

46i 

46 

45i 

45 

44} 

44* 
44 

43 
42* 
43 
49 

lit 

40 
39 

^\ 

1150 

$150 

s 

Leavitt'n  Bar  

1 

200* 

1700 

700 

3 

CoDDertliwait  Bar 

do 

100 

$20 

130 

4 

Xoblb'8  Rapids 

.do     ... 

150 
420 

$150 

150 

5 

Dean's  Kapids 

....do 

420 



420 

A 

Rocks  at  TraftoD  Island 

do 

50 

50 

7 

Traftou  Bar       .     . 

...do    .  -. 

1 

135 

400 

400 

8 

Rock  at  Traf  ton,  Bash  Island . 
Big  Macliias  Bar 

...do 

Ashland., 
.-..do 

do 



"36" 
80 

30 

20 

» 

30 

10 

Rocks  between  Big  Maclilaa 

and  Bearce's  Bai-s.    - 
Bearce's  Bar 

20 

100 

11 

1 

850 

*250 

250 

19 

Ashland  Bridire  Bar 

do    .. 

100 
60 

100 

13 

Rocks  below  Ashland  Bridge. 
Rocks  at  the  mouth  of  I.lttle 

Machias. 
Rocks  between  Little  Machias 

and  Biggers  Bar. 
Rocks  between  Biggor's  and 

Porter's  Bars. 
Porter's  Bar 

....do 

....do 

....do 

...do 

Buchanan. 
.  do 

60 

14 

50 

50 

15 

40 

80 

40 

16 

80 

17 

600 

600 

600 

18 

Cansooslet  Rocks 

60 
50 

140 
50 
75 

200 

19 

Flint  Rocks 

....do    ... 

100 

9XS 

Walker  Landing  Rocks 

....do 

75 

9.1 

Walker  Landing  Bar 

....do 

1,100 

i.ioo 

1,100 

^, 

Berr\'^  Landinir  Bar 

....do    .. 

1 

60 

:w 

30 
100 
50 
200 
30 
50 
100 
150 
60 
40 

30 

160 

9.1 

Alder  Brook  Bar 

....do    .... 

60 

94 

Goss  Rock,  upper  bar 

....do 

30 

95 

Goss  Rock,  lower  bar 

Bumtland  Island  Rocks 

...do 

...do 

.10 

96 

100 

300 

97 

Allen's  Laiiiling  Rocks 

....do 

50 

9ft 

Pudding  Rock  Bar 

...do     . 

200 

99 

Padding  Rock,  lower  island  . . 

...do  .... 



30 

;v) 

Grindstone  Ledge,  upper  bar  . 
Grindstone  Ledge,  lower  bar. . 
Beaver  Brook  Bar,  No.  I 

...do 

....do 

....do  .... 

1,000 

1,000 

1.050 
103 

31 

39 

ISO 

X^ 

Bijaver  Brook  Bar,  No.  II 

...do 

280 

280 

40 

380 

34 

Beaver  Brook  Bar,  No.  III. . . . 

....do 

40 

a5 

Boaver  Brook  Bar,  No.  IV 

...do 

420 

420 

430 

36 

Beaver  Brcwk  Bar,  No.  V 

Beaver  Brook  Bar,  No.  VI  ... . 

Castle  Hill 
....do 

70 
180 

70 

37 

400 

1,400 

1,580 
380 

38 

Trask  Lower  I.<9land  Bar,  No.  I 
Trask  Lower  Island  Bar,  No.  II 
Brvant  Island  Bar 

....do 

840" 

280 
840 

39 

840 

40 

250 
100 

100 

150 
150 

200 

350 

41 

Rocks  between  Bryant  Island 
BHr  and  Trask  Landing. 

Rocks  btttwpon  Trask  Land- 
ing and  Mash's  Island. 

Mash's  Island  upper  bar 

Castle  Hill 
....do 

100 

49 

50 

150 

43 

150 

44 

Mash's  Island,  lower  bar 

Gardner  Creek,  npper  bar. . . . 

Wade  Plan- 

tation. 
....do 

150 

45 

430 
1,700 

420 
1,700 

690 

46 

Gardner  Creek,  lower  bar  .... 

....do 

1,700 
40 

47 

R(ickH  off  Randall's  Ledge. . . . 
D»mell  v's  Upper  Bar 

...  do  

....do  

40 

48 

100 
50 
100 

100 

49 

Donelly's  Lower  Bar    

...do  

200 

200 

350 

50 

Rocks  between  Donelly's  Isl- 
and and  Iron-Ore  Bars. 
Iron-Qpo  Bars 

...do 

....do 

100 

51 

2,700 

too 

1,680 

2,700 

830 

1,660 

100 

350 

3.050 
830 

V? 

Pelkev'H  Bar 

Washburn. 
...do    .... 

51 

Stratton  Island  Bars  

'•IS 

54 

Rocks  off  Brennan  Island 

....do 

60 

*  There  is  a  great  quantity  of  large  bowlders  on  the  flats. 
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Table  showing  ohstractiona  to  navigation  in  Aroostook  Riverf  Maine,  ^c. — ConUnned. 


Nome  of  obatractions. 

1 
1 

's 

et 

1 

a 

Ml 

s 

Proposed  improvements. 

Excavation 
of  gravel. 

Removal  of 
rock. 

Building  of  wing- 
dams. 

1 
1 

! 
1 

6 

J«5 

5 

1 

1= 

1 

.9 

a 

Q 

e . 

«| 



< 

MS 

Eaaty'R  Inland  Rncks 

Thuudor  lalaud  Bar 

Washburn. 
do    

374 

36? 

361 

35i 

35i 

35 

34 

33 

3H 

29 

27i 

26 

25 

23 

2*2 

21 

201 

\n 
\^\ 

m 

18 

!? 
1? 

14 
14 
13 
10 

7 

H 

4 

3 
•    2* 

"'285 
700 
560 

1285' 
700 
560 

920 

$20 

■w 

285 

•>7 

Hickev'a  Bar              

do 

700 

AH 

KowMOB  TJDD45r  R'lr  ...*. 

do  ..  . 

560 

.V) 

Kowm's  Lower  Bar 

...do 

100 

100 

60 

Crouse'ti  Bar 

....do 

560 
56U 

560 
560 



560 

fil 

Eaaler's  Bar      

do 

70 
70 
50 
100 
30 
'80 
120 

630 

fl? 

Kocks  above  Ram  Bapida  .... 

..do 

70 

(n 

Rocks  on  Beck  with  Bar 

PreMque  Isle  Bar 

Maysville. 

i 

'206" 

1700" 

50 

04 

630 

830 

1,630 

<V( 

Blake'8  Bar    

...  do  

30 

Off 

Canada  Bar 

....do 

600 

"746' 
550 

600 

"746' 
550 

680 

07 

Beau'a  Raoida          

do 

120 

08 

Folsnm  Bar      

...do 

740 

m 

Grav'a  Bar 

...  do  

550 

70 

Hardwood  Bar                

do 

100 
120 
100 
20 
30 

100 

71 

Robert's  Bar         

Lyndon . . . 
...  do  ... . 

.   . 

120 

79 

M**CubMry'«  TTpper  Pur 

550 

550 

650 

T? 

MoCnbnry'fi  Lower  Bar 

....do 

20 

74 

Hardiaon's  Bar  No.  I 

do 

30 

75 

Hardison's  Bar  No.  II 

do    ,.- 



2 

400 

1,400 

1,400 
280 

76 

HardiBon's  Bar  No.  Ill 

...do 

280 
880 

280 
280 

77 

Uardison'fiBar  No.  IV    .. 

do 

280 

78 

Sand's  Upper  Bar 

;:::do  :: 

100 

100 

79 

...do    .... 

150 

"eo" 

50 

80 

Boobar'a  Bar 

....do 



100 
80 
60 
60 
60 

1 
2 

400 
600 

1,400 
•2,100 

1.225 

1,500 

81 

Caribou  Bnra 

...  do 

1,100 

1.100 

3,340 
»      60 

89 

Cochrane  ITpper  Bar 

...  do  .  . 

83 

Cochrane  Lower  Bar 

...do 

1 

350 

1,285 
60 

84 

Otter  Brook  Rapida 

ForestviUe. 
Lyndon  ... 
Fort  Fair- 

tteld. 
cio    .   .. 

ft*) 

Doyle's  Bar    

740 

740 

740 

80 

Davenport  Ledge 

*500 

87 

Bishop  Island 

1 
9 
4 

450 
800 
i?00 

1,575 

1.  TtlSl 

88 

Boom  Island 

....do 

2,  800     2.  800 

8<» 

Fort  Fairfield  Shoals 

Nelaou  Bar 

...do 

.  do 

250 
70 

'2,  800  I  3. 0.')0 

W) 

420 

420 

490 

Contingencies,  say 

44,830 
5,170 

Total  cost  of  improvement 

50,000 

*  A  fender-pier  built  of  crib- work. 


Y  22. 

SURVEY  OF  PENOBSCOT  RIVER,  FROM  OLDTOWN  TO  MEDWAY  AND  VICIN- 

ity,  maine.  * 

United  States  Engineer  Office, 

Portland^  Me.,  December  13,  1873. 
General  :  I  have  the  honor  to  submit  the  following  report  on  the 
survey  of  Penobscot  River,  from   Okltown  to  Medway  and  vicinity,* 
Maine. 

This  survey  was  provided  for  by  act  of  Congress  approved  March  3, 
1873,  "  making  appropriations  for  the  repair,  preservation,  and  corn- 
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pletion  of  cert«aiii  pablic  works  on  rivers  and  harbors,  and  for  other  pur- 
poses," and  was  made  ander  my  instractions,  in  August  last,  by  Capt. 
William  B.  Stanton,  United  States  Corps  of  Engineers,  whose  report 
thereon  is  herewith  submitted. 

Tbe  object  of  this  examination  was  to  ascertain  the  practicability  and 
cost  of  improving  the  navigation  of  this  river  between  the  limits  speci- 
fied (being  a  distance  of  about  sixty-five  miles)  for  small  boats  of  not 
more  than  2  feet  draught,  such  as  now  run,  at  times,  upon  this  river, 
so  that  they  may  be  able  to  navigate  it  even  in  its  lowest  stages  of 
summer. 

You  are  respectfully  referred  to  the  accompanying  report  of  Captain. 
Stanton,  which  contains  all  the  information  in  my  possession  upon  tliis 
subject.  His  estimate  for  such  work  as  would  be  required  to  render 
the  river  navigable  to  the  extent  proposed  is  as  follows,  viz : 

I.  For  catting  a  oUaane],  75  feet  wide  and  3  feet  deep,  through  the  ob- 

strncttons  between  Oldtown  and  Winn,  Me $122,018  00 

II.  For  a  channel,  60  feet  wide,  2^  feet  deep,  between  Winn  and  Med  way .      53, 310  00 
III.  For  a  channel,  60  feet  wide,  2i  feet  deep,  between  Med  way  and  Rocky 

Rips,  on  the  East  Branch 33.200  00 

208,528  00 
Adding  for  contingencies  and  engineering  expenses,  say  15  per  cent 31, 279  00 

Total 239,807  00 

or,  say,  $240,000. 

The  extent  to  which  the  commerce  of  the  country  would  be  promoted 
by  this  work,  as  shown  by  Captain  Stanton,  is  very  limited,  in  compar- 
ison with  the  expense  that  would  attend  it. 

Attention  is  also  asked  to  the  fact  that  this  part  of  the  river  is  sepa- 
rated from  tide-water  by  the  impassable  falls,  having  a  descent  of  92 
feet,  between  Bangor  and  Oldtown,  for  a  distance  of  twelve  and  a  half 
miles ;  and  to  the  fact  that  for  several  months  of  the  year  its  naviga- 
tion is  interrupted  by  ice ;  also  to  the  fact  that  it  lies  wholly  within  the 
State  of  Maine,  and  thereby  otters  advantages  exclusively  local  in  their 
character. 

Bespectfully  submitted. 

Geo.  Thom, 
Lieut.  Col.  of  Engineers^  Bvt.  Brig.  Gen.j  U.8.  A. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  8.  A. 


Report  of  Capt  W.  8.  Stanton,  Corps  of  ERgineers. 

United  States  Engineer  Office, 

Boston^  Ma88,y  September  25, 1873. 
Colonel:  By  instructions  conveyed  in  your  letter  of  July  30,  1873, 1  was  required 
to  inaite  an  examination  of  the  Penobscot  River  from  Oldtown,  Me.,  to  Med  way,  Me., 
and  vicinity,  witli  a  view  to  the  improvement  of  its  navi>];ation,  and  in  making  it  to 
give  attention  to  tlie  followiq);  points,  viz  : 

1.  "  For  what  purpose  it  is  desired  to  have  the  navigation  of  this  portion  of  the 
river  improved,  and  the  depth  of  water  required  therefor;" 

2.  *^  What  is  the  stage  of  water  in  the  river  at  the  present  time,  as  compared  with 
other  seasons  of  the  year;  and  for  what  period  of  the  year  can  its  navigation  be  made 
^racticalile  t" 

3.  *'  Tlie  nature  and  extent  of  the  commerce  and  navifj^ation  of  this  portion  of  the 
Penobscot  River,  and,  as  near  as  practicable,  tbe  extent  to  which  the  same  would  be 
beueiited  by  iujproviug  the  navigation ; "  and 
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4.  "  Tbe  nature,  extent,  and  locality  of  the  existing  obstrnctions  to  its  navigation, 
and  probable  cost  of  their  removal,  as  well  as  the  necessity  therefor.'' 

Pursuant  to  the  foregoing,  I  repaired,  after  visiting  Bangor  and  Oldtown  to  procure 
information  and  the  necessary  force  and  outfit,  to  Medway  on  Saturday,  the  9th  ultimo, 
commenced  the  examination  on  the  11th,  finished  it  on  the  16th  ultimo,  and  now  have 
the  honor  to  submit  the  following  report : 

Navigation  on  the  Penobscot  River  above  Oldtowu  is  absolutely  separated  from  tide- 
water navigation  extending  to  Bangor  by  the  falls  at  Oldtown,  and  by  the  character 
of  the  river  between  the  two  places.  At  the  Oldtowu  Falls  the  river-bed  descends  20 
feet  in  a  horizontal  distance  of  100  feet,  the  water  there  plunging  over  falls  and  shoot- 
ing down  rapids  on  a  rough  bed  of  slate  ledge  extending  across  the  river.  From  the 
crest  of  these  falls  to  the  head  of  tide-water  at  Bangor,  a  distance  of  twelve  and  one- 
half  miles,  the  river-bed  descends  92  feet.  At  intervals  in  this  distance,  where  at 
places  the  bed  is  of  slate-ledge,  and  at  others  of  bowlders,  the  water  is  shallow  and  the 
cuirent  very  rapid.  It  is,  therefore,  impracticable  to  make  the  navigation  of  that  part 
of  the  river  embraced  in  this  examination  continuous  with  (ide-water  navigation  with- 
out the  construction  of  a  canal  around  the  Oldtown  Falls,  at  an  expense  which  it  is 
probable  will  continue  many  years ;  hence,  uncalled  for  and  utterly  unjustifiable  by 
the  interests  to  be  snbserved. 

Above  Oldtown  the  obstructions  consist  of  shoals  of  gravel  and  of  rapids :  the 
former  vary  in  length  from  about  200  feet  to  about  two-thirds  of  a  mile,  and  the  latter 
from  about  500  feet  to  about  one  and  one-quarter  miles.  While  the  shoals  are  ob- 
structions only  during  the  low  stage,  the  rapids  are  more  or  less  troublesome  during 
all  stages  of  the  water.  The  most  of  them  consist  of  large  assemblages  of  bowlders, 
but  some  of  ledges  of  rock  and  bowlders,  extending  across  the  river.  Some  contain 
comparatively  few,  others  immense  numbers  of  bowklers  of  all  sizes  up  to  12  or  15  feet 
in  diameter,  resting  on  a  bed  of  small  bowlders  or  slate  ledge,  and  thickly  scattered 
about  the  river. 

The  channel  is  generally  tortuous  between  the  large  bowlders  or  Jutting  points  of 
ledge;  tbe  slope  of  the  river-bed  greatly  increased  ;  the  current  extremely  rapid  ;  and 
the  water  often  rough  and  turbulent.  Between  Mattawamkeag  and  the  crest  of  the 
Oldtown  Falls,  a  distance  of  forty-five  and  one-half  miles,  the  river-bed  has  a  descent 
of  98  feet.  In  the  channel  the  minimum  depth  of  water  is  greater  over  the  rapids  than 
on  the  shoals. 

Between  the  obstructions  there  are  often  long  reaches  entirely  unobstructed,  with  a 
ffood  gravel  bottom,  a  smooth,  gentle  current,  and  a  depth  of  water  varying  from  4  to 
8  or  9,  and  occasionally  reaching  10, 12,  or  15  feet. 

Between  Oldtown  aud  the  confluence  of  its  two  branches  at  Medway,  the  river  varies 
in  width  from  about  one  hundred  to  about  four  hundred  yards,  and  averages  about 
three  hundred  yards.  Its  width  is  nowhere  greatly  increased  during  high-water,  and 
its  banks  are  not  subject  to  overflow.  It  contains  a  rather  large  numl^r  of  islands, 
sometimes  dividing  it  into  narrow  chutes.    Its  water  is  clear. 

Above  Oldtowu,  excepting  the  large  numbers  of  logs  annnally  brought  down,  there 
is  now  no  commerce  of  importance  on  the  river. 

From  about  1850  to  about  1870,  two  steamboats,  drawing  when  loaded  2^  feet  of 
tvater,  plied  daily  between  Oldtown  and  Winn,  a  distance  of  forty-three  miles,  each 
passing  up  or  down  on  alternate  da^'s.  The  average  quantity  of  freight  carried  each 
"way  daily  was  about  15  tons ;  domestic  supplies,  groceries,  and  provisions  were  carried 
up  the  river,  and  lumber,  clapboards,  and  shingles  brought  down. 

These  boats  were  prevented  f^ni  running  by  ice  usually  ft-om  about  the  1st  of  De- 
cember until  about  the  15th  of  April,  and  by  the  low  stage  of  water  generally  from 
about  the  Ist  of  July  until  about  the  1st  of  October.  The  river  between  Oldtown  and 
"Winn,  it  thus  appears,  is  navigable  for  steamboats  drawing  2ifeet  of  water  only  about 
four  and  one-half  months  annnally,  two  and  one-half  during  the  spring  and  summer, 
and  two  months  during  the  autumn.  It  could  be  made  navigable  for  boats  drawing  2^ 
feet  of  water  throughout  the  year,  when  not  obstructed  by  ice,  between  Oldtown  and 
Rocky  Rips,  a  point  on  the  East  Branch  about  seven  miles  above  Medway,  but  only  at 
an  expense,  in  proportion,  far  gi*eater  than  the  magnitude  of  the  interests  involved. 

The  European  and  North  American  Railroad,  between  Bangor  and  St.  John,  New 
Brnnswick,  crosses  the  river  at  Oldtown  and  runs  forty-five  miles  along  its  left  bank 
to  Mattawamkeag,  where  it  leaves  the  Penol)8cot,  and  runs  northeasterly  up  the  right 
bank  of  its  tributary,  the  Mattawamkeag.  When,  in  1870  or  1871,  this  railroad  was 
first  put  in  operation,  the  two  steamboats  stopped  running,  and  the  only  boats  which 
have  been  on  the  river  since  that  time  are  two  small  freight- steamboats,  owned  and 
useil  by  the  firm  of  Henry  Poor  &  Son,  of  Boston. 

Your  letter  of  instructions  referred  to  Mr.  E.  S.  Poor,  of  that  firm,  **  for  much  valu- 
able information  concerning  the  commerce  and  navigation  of  thin  river,"  and  inclosed  , 
a  copy  of  a  letter  of  May  17, 187.3,  to  yourself,  from  him,  in  which  he  says :  "My  inter- 
ests in  the  improvements  near  the  mouth  of  the  river  are  only  in  common  with  the 
whole  public  of  Bangor;  but  in  the  desired  improvements  in  the  upper  part  of  the 
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river,  from  Winu  and  above,  we  (that  is,  the  firm  of  Henry  Poor  &  Son,  to  which  I  be- 
long) have  an  eBpecial  interest.  T  should  be  pleased  to  show  you  where  a  moderate  ex- 
pense will  be  of  immense  advantage  to  the  navigation  of  the  river,  and  wonld  like  to 
be  informed  when  you  will  propose  to  make  the  examination.      •*•#»• 

"We  have  two  boats  running  on  the  river,  one  from  Mattawamkeag  to  Medway,th© 
other  to  different  places,  as  we  may  need  her  services.  General  Hersey,  the  member- 
elect  to  Congress  from  Bangor,  is  interested  somewhat  largely  in  lauds  above  Med  way, 
and  his  judgment  as  to  the  needs  above  Med  way  would  be  very  g  >od." 

In  a  letter  of  August  2. 1873,  to  me,  Mr.  Poor  also  says:  "As  the  order  was  passed 
through  Congress  priucipally  at  my  suggestJou.  I  have  had  a  strong  desire  to  be  present 
when  the  survey  was  made,  more  especially  between  Winn  and  Med  way,  and  in  the 
vicinity  of  Medway.  I  have  no  dasire  to  m  kkeauy  su<^v2^e4tion»  in  <elatiuu  to  improve- 
ment of  the  river  in  the  vicinity  of  Bangor,  but  would  like  very  much  to  be  with  vou 
when  you  will  be  engaged  in  tlie  survey  of  the  upper  part  of  the  river,  say  from  Winn 
to  Medway." 

One  of  the  two  boats  of  this  firm  has  a  carrying  capacity  of  about  15  tons,  draws 
when  thuH  loaded  23  inches  of  water,  and  is  used  by  tbem  for  transportation  between 
their  tanneries  at  Medway  and  Winn,  and  for  supplying  those  lauueries  with  bark 
from  the  banks  of  the  east  branch  of  the  river;  the  other  is  somewhat  hirger,  and  is 
used  by  them  to  transport  hides,  leather,  and  tannery  supplies  between  Oldtown  and 
Winn  ;  the  quantity  of  freight  which  it  carries  is  about  2^  tons  daily. 

The  above  very  limited  navigation  and  commerce  carried  on  by  this  firm,  exclusively 
in  connection  with  their  tanneries,  is  the  entire  extent  of  steamboat  navigation  u6\y 
on  the  river  above  Oldtown,  and  of  the  commerce  which  it  subserves. 

From  all  the  information  I  have  obtained,  the  purpose  for  which  it  is  desired  to  have 
the  Government  improve  this  part  of  the  river  is  to  benefit  the  very  limited  naviga- 
tion thus  carried  on  by  this  firm,  by  prolonging  the  time  during  which  their  boats  can 
run  annually.  It  is  urged  by  them  that  the  improvement  of  this  part  of  the  rive^ 
wonld  lead  to  the  establishment  of  wooden-ware  manufactories  on  its  banks ;  would 
largely  increase  the  commerce  upon  it,  and  greatly  develop  the  region  of  country 
through  which  it  flows.  I  do  not  think  this  increase  in  commerce  or  development 
would  be  either  great  or  important,  and  cannot  discover  upon  what  it  would  be 
founded. 

The  soil,  especially  a1on|^  the  upper  part  of  the  river,  is  not  very  productive,  and  is 
of  but  little  value  for  cultivation.  The  river,  even  if  improved  so  as  to  be  navigable 
for  boats  of  light  draught  throughout  the  low- water  season,  would  still  be  closed  by  ice 
about  one  halt  of  the  year.  Above  Oldtown  the  country  bordering  on  the  river  is  no- 
where thickly  e«5ttled.  The  seven  townships  above  Winn,  including  it  and  that  across 
the  river,  through  which  flow  the  Penobscot,  and,  for  t«n  miles  above  their  junctioD, 
its  two  branches,  contain,  by  the  census  of  1870,  a  population  of  only  1,821.  They  are 
to  a  great  extent  wooded,  but  the  greater  part  of  the  most  valuable  timber  has  been 
cut.  Above  Medway,  which  is  merely  a  tannery  settlement,  the  country  is  rugged  and 
almost  wholly  a  wilderness.  Excepting  about  seven  miles  on  the  East  Branch,  just 
above  their  confluence,  the  two  branches  are  too  rocky  to  be  made  navigable.  On  their 
banks  are  large  quantities  of  slate,  apparently  of  good  quality. 

The  important  traffic  on  the  river  above  tide-water  consists  entirely  in  the  large 
numbers  of  logs  annually  floated  down  from  its  tributaries,  its  extreme  head- waters 
and  branches,  and  sawed  into  lumber  at  Oldtown  and  Bangor.  During  the  past  three 
years thefollowingquantitiesof  logs,  expresst>din  feet,  board-measure,  have  been  brought 
down  the  rivir  to  these  two  places:  In  1870,202,014,194  feet;  in  1871, 227,491,675 feet; 
and  in  1872, 24(i, 453,649  feet,  of  which  the  average  annual  value  beforr^  manufacture,  at 
$12  per  1,000  feet,  is  $2,72^,757.11  Of  the  above  quantity  it  is  said  that  from  fifteen  to 
twenty  million  feet  are  annually  brought  down  the  Passadumkeag;  from  two  to  six 
millions  down  the  Piscataquis;  from  sixty  to  seventy-five  millions  down  the  Matta- 
wamkeag; from  twenty  to  thirty  millions  down  the  East  Branch ;  and  the  balauce, 
from  one  hundred  to  one  hundred  and  twenty  million  feet,  down  the  West  Branch. 
Some  of  the  logs  brought  down  the  tributaries  are  rafted,  but  much  the  larger  part  of 
the  above  quantities  are  floated  down  without  rafting,  immense  numbers  together 
forming  what  are  called  "drives."  The  largest  "drive,"  containing  frequently  from 
sixty  to  ninety  million  feet  of  logs,  extending  for  miles  along  the  river  and  requiring 
about  two  hun<lred  men  to  attend  it,  usually  starts  on  the  West  Branch  in  April  and 
arrives  at  the  booms  above  Oldtown  in  July.  When  during  the  descent  of  this  '*drive" 
the  sta^e  of  water  in  the  river  becomes  so  low  as  to  retard  its  advance,  it  is  raiaed 
successively  by  opening  ten  or  twelve  gates  in  dams  constructed  at  the  Twin  Lakes  on 
the  West  Bran(;h  for  that  purpose.  The  running  of  logs  in  this  manner  is  considerably 
ot'Structed  by  very  numerous  large  bowiders  iu  the  river,  and  eftpecialltf  in  its  West 
Branch.  The  tjillest  of  thesrt.bowUters  catch  a  log  or  two,  against  which  others  rapidly 
accumulate,  and  lorni  large  "jams,"  which  8ti>p  a  "drive,"  and  which  consnme  muoa 
labor  before  it  can  be  released.  The  large  "<lrive,"  it  is  said,  is  sometime^)  stopped  in 
this  way  two  days,  at  a  loss  iu  the  pay  of  ita  men,  at  an  average  rate  of  |3  per  dayy  cf 
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$600  per  day,  cansed  by  a  few  bad  bowlders  which  might  be  rendered  harmleBs  by  the 
expenditure  uf  a  trifling  sum  in  blasting  off  their  tops  daring  the  low-wat'er  stage.  It 
is  asserted  by  men  familiar  with  the  rnnning  of  logs  that  an  expenditure  of  $50,000 
would  result  in  saving  to  the  lumber  interest  $10,000  annually.  Excepting  the  con- 
struction of  a  dam  at  the  *'Five  Islands,' 'to  prevent  logs  from  gathering  and  lodging 
in  two  narrow  chntes,  the  main  injprovement  desired  by  this  interest  consists  in  re- 
dncing  the  heights  of  very  numerous  bowlders  to  about  2  or  3  feet  above  the  surface  ot 
the  water  at  the  low-water  stage.  To  do  this  by  blasting,  the  fragments  being  left 
where  they  fall,  would  cost  say  from  $5  to  $10  per  bowlder.  Bowlders  may  be  seen 
occasionally  in  the  river,  which  have  been  cut  down  in  this  way.  There  are  immense 
oinmbers,  much  the  larger  part  of  them  on  the  West  Branch,  upon  which  perhaps 
$20,000  might  be  expended  with  advantage  to  the  lumber  interest. 

In  making  the  examination  a  continuous  mid-channel  line  of  soundings  was  taken, 
extending  from  their  confluence  at  Med  way  up  the  East  Branch  seven  miles  to  Rocky 
Rips,  np  the  West  Branch  ten  miles  to  Shad  Pond,  and  on  the  river  fifty-eight  and  one- 
half  miles  to  Oidtown.  There  were  taken  on  the  Ea^t  Branch  nine  hundred  and  twenty, 
OD  the  West  Branch  five  hundred  and  forty-four,  and  on  the  river  pro)>er  tifty-two  hun- 
dred and  twenty-six  soundings,  averaging  respectively  4(5, 97,  and  GO  feet  apart.  When 
they  were  taken  the  st-age  of  water  in  the  river  was  somewhat  below  the  average  an- 
nual lowest  stages,  and  about  4  feet  below  the  annual  high-water  stage  of  longest 
duration.  The  range  on  the  river  between  Oidtown  and  Winn,  between  lowest  and 
highest  water,  is  state<l  in  Wells's  "  W^ater-Power  of  Maine"  to  be  11  feet. 

The  estimates  given  below,  based  entirely  on  a  single  line  of  soundings,  are  rongb, 
and  are  submitted  with  a  view  to  giving  a  sufficiently  approximate  idea  of  the  labor 
and  expense  which  the  improvement  of  this  river  woul^  involve,  rather  than  with  the 
anticipation,  in  view  of  the  facts  above  given,  that  any  improvement  will  be  under- 
taken by  the  Government. 

The  estimated  quantities  of  material  to  be  removed  are  for  a  channel  75  feet  wide 
and  3  feet  deep  at  the  stage  of  water  when  the  soundings  were  taken,  cut  through  the 
obstructions  between  Oidtown  and  Winn ;  and  for  one  60  feet  wide  and  2^  feet  deep 
cut  through  those  above  Winn,  where  the  river  is  generally  more  shallow.  Six  inches 
increase  in  depth,  i.  e.,  to  3  feet  above  Winn,  would  very  much  increase  the  length  of 
excavation. 

The  obstructions,  in  the  order  in  which  they  are  met  in  ascending  the  river  from 
Oidtown,  and  the  quantity  of  material  to  be  remove<l  from  each,  are  as  follows,  viz: 

1.  A  small  shoal  of  gravel  about  three  miles  above  Oidtown.  It  is  about  one  hun- 
dred yards  long,  has  a  minimum  depth  of  water  on  it  in  the  channel  of  2.6  feet,  requires 
a  mean  increase  of  depth  of  twr>-tenths  of  a  foot,  and  the  removal  of  about  170  cubic 
yards  of  gravel  and  small  bowlders. 

2.  Several  small  shoals  of  gravel  about  ten  miles  above  Oidtown,  and  just  below 
Greenbnsb,  in  the  chute  between  the  left  bank  and  boom  and  Nebraska  Islands.  The 
minimum  depth  of  water  on  them  in  the  channel  is  1.4  teet;  the  total  length  of  the 
required  excavation  about  330  yards ;  the  average  depth  to  cut  6  inches ;  and  the  mate- 
rial t<)  be  removed,  about  1,400  cubic  yards  of  gravel  mixed  with  sand. 

3.  A  small  shoal  of  gravel  just  above  GrnenbuHh,  in  the  short  chute  between  the  foot 
of  Sngar  Islaml  and  the  head  of  Bird  Island.  The  least  depth  of  water  in  the  channel 
is  2  feet  ,*  length  of  required  excavation,  about  800  feet ;  average  depth  to  cut,  6  inches ; 
material  to  be  removed,  about  1,100  cubic  yards  uf  coarse  gravel. 

4.  Spencer  Ripe,  about  thirteen  miles  above  Oidtown.  Here  bowlders  of  all  sizes  up 
to  about  6  feet  in  diameter  are  thinly  scattered  over  the  river  for  about  one-quarter  of 
a  mile,  and  along  about  «^0  yards  of  thiM  distance  there  is  a  nhoal  of  gravel  and  small 
bowlders  mixed,  over  which  the  water  ripples.  The  least  depth  of  water  in  the  chan- 
nel is  ]  foot;  length  of  required  excavation,  about  350  yards ;  averagedepth  tijcut,  one 
foot;  material  to  be  removed,  about  2.U00  cubic  yards  of  gravel  and  small  bowlders. 
The  channel  between  the  larger  bowlders  is  sufiiclently  wide  and  straight,  and  none 
need  be  removed  for  steamboats,  but  about  ten  of  the  large&t  obstruct  the  running  of 
logs. 

5.  A  shoal  of  gravel  and  small  bowlders,  about  midway  between  Spencer  and  Ayer^s 
Rips.  The  least  depth  of  water  in  the  channel  is  1.7;  length  of  required  excavation, 
about  :^.'>  yards ;  average  depth  to  cut,  seven-tenths  of  a  foot;  material  to  be  removed, 
al>out  2,2U0  cubic  yards. 

6.  Ayvi'H  Rips,  about  fourteen  miles  above  Oidtown,  consisting  of  a  shoal  of  coarse 
gravel  and  small  bowlders  mixed,  about  500  yards  in  length,  along  about  200  yards  of 
which  distance  numerous  bowlders,  varying  in  size  up  to  about  4  tt-et  in  diameter,  are 
scattereil  about  the  river.  There  are  also  three  large  bowlders,  about  H  feet  in  diam- 
eter, which  obstruct  the  rnnning  of  logs.  Between  the  larger  bowlders  the  channel 
for  steamboats  is  sufficiently  wide  and  practicable,  although  rather  tortuous.  The 
minimum  depth  of  water  in  it  is  1.4  feet.  The  length  of  the  excavation  required  here 
is  about  5:^0  yards;  the  average  depth  to  cut,  seven-tenths  of  a  foot;  and  the  mate- 
rial to  be  removed,  about  3,100  cubic  yards  of  coarse  gravel  and  suniU  bowlders.    The 
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slope  of  the  river  and  the  current  are  here  somewhat  increased,  hut  the  latter  is  not 
very  rapid. 

7.  A  shoal  of  gravel,  sand,  and  small  bowlders,  mixed,  about  one-third  of  a  mile 
above  Ayei'^s  Rips.  The  least  depth  of  water  in  the  channel  is  1.4  feet ;  length  of  ex- 
cavation, about  400  yards ;  average  depth  to  cut,  six-tenths  of  a  foot ;  material  to  be 
removed,  about  2,000  cubic  yards  of  gravel,  sand,  and  small  bowlders. 

8.  A  small  shoal  of  fine  gravel,  about  1,200  yards  below  Passadumkoag  Rips.  The 
least  depth  of  water  in  the  channel  is  2  feet ;  length  of  excavation,  about  100  yards; 
average  depth  to  cut,  6  inches ;  material  to  be  removed,  about  500  cubic  yards  of  fine 
gravel. 

9.  A  shoal  of  gravel,  immediately  below  Passadumkeag  Rips.  The  least  depth  of 
water  in  channel  is  1  foot ;  length  of  excavation,  about  430  yards ;  average  depth  to 
cut,  1  foot ;  material  to  be  removed,  about  3,600  cubic  yards  of  gravel. 

10.  Passadumkeag  Rips,  about  500  yards  below  the  mouth  of  the  Passadumkeag. 
These  rapids  are  formed  by  a  slate-ledge,  which  extends  across  the  river  and  along  it 
about  one-half  a  mile.  Scattered  about  on  the  ledge  are  occasional  large  bowlders, 
about  fifteen  of  which  are  near  the  channel,  from  4  to  11  tcet  in  diameter,  and  obstruct 
the  running  of  logs,  but  are  not  in  the  way  of  steamlioats.  On  either  side  of  the 
channel,  and  especially  on  the  left  side,  jutting  out  long  distances  from  the  bank,  are 
large,  jagged  masses  of  ledge,  rising  3  or  4  feet  above  the  water.  The  river  is  here 
about  250  yards  wide.  The  channel  is  about  50  yards  from  the  right  bank,  about 
parallel  with  it,  nearly  etraight,  and  from  100  to  150  feet  wide  at  its  narrowest  part« 
between  points  of  ledge.  The  least  depth  of  water  in  the  channel  is  2^  feet,  and  is 
found  where  it  is  narrowest.  At  those  points  the  current  is  excessively  rapid,  and 
the  water  rough  and  turbulAnt.  To  deepen  the  water  in  the  channel  to  3  feet  for  a 
width  of  75  feet  the  length  of  the  excavation  requireil  would  be  about  50  yards ;  the 
depth  to  cut,  about  6  inches;  and  the  material  to  be  removed,  about  200  cubic  yards 
of  solid  slate  rock. 

11.  A  shoal'  of  gravel  and  small  bowlders,  just  above  Passadumkeag,  in  the  chute 
between  the  two  Passadumkeag  Islands  nearest  the  right  bank.  The  least  depth  of 
water  in  the  channel  is  li  feet;  Wie  length  of  the  excavation,  about  700  yards ;  average 
depth  to  cut,  seven-tenths  of  a  foot ;  material  to  be  removed,  about  4,000  cubic  yards 
of  gravel  and  small  bowlders. 

12.  Piscataquis  Rips,  just  above  the  mouth  of  the  Piscataquis  River.  These  rapids 
are  the  worst  on  the  river;  they  consist  of  two  parts,  known  as  the  "upper  pitch" 
and  the  '*  lower  pitch,'*  between  which  the  river  is  comparatively  unobstructed.  The 
entire  length  of  the  rapids  from  the  head  of  the  upper  to  the  foot  of  the  lower  pitch 
is  about  one  and  one-half  miles.  In  this  distance  the  river  has  a  great  increase  of 
slope,  chiefly  at  the  two  pitches.  The  upper  pitch  is  much  the  worse  and  the  more 
extensive.  It  is  about  one-half  a  mile  long,  and  consists  of  a  ledge  of  slate  extending 
along  this  distance  entirely  across  the  river.  The  planes  of  stratification  of  the  ledge 
have  a  nearly  vertical  pit<}h  ;  and  it  has  a  very  ragged  and  uneven  surface,  broken  into 
irregular,  sharp,  and  jagged  ridges  and  isolated  points,  rising  frequently  4  or  5  feet 
above  the  water.  There  are  scattered  over  it  numerous  bowlders  of  all  sizes  up  to  8 
or  10  feet  in  diameter.  In  the  channel,  which  is  near  the  right  bank  and  generally 
parallel  with  it,  the  bed  is  of  solid  ledge,  occasionally  overlaid  with  bowlders,  its  slopes 
steep  and  irregular ;  the  current  extremely  rapid,  and  the  least  depth  of  water  1.4  feet. 
There  would  be  required  here,  it  is  roughly  estimated,  a  total  length  of  excavation  of 
about  500  yards,  with  an  average  depth  to  cut  of  seven-tenths  of  a  foot,  and  the 
removal  of  about  3,000  cubic  yards  of  solid  rock.  To  clear  the  channel  properly  for 
steamboats  there  should  be  removed  one  large  bowlder  containing  about  20  cubic 
yards,  two  containing  about  5  cubic  yards  each,  and  about  one  hundred  of  about  five 
tons  each.  There  are  also  near  the  channel  about  fifty  rocks  which  obstruct  the  run- 
ning of  logs.  From  the  foot  of  the  first  pitch  to  the  head  of  the  second  the  distance 
is  about  three-fourths  of  a  mile,  along  which  are  scattered  a  few  large  bowlders.  The 
channel  here  is  quite  tortuous,  between  shoals  of  small  bowlders ;  the  slope  and  current 
much  less  steep  and  rapid ;  and  the  least  depth  of  waticr  1.4  feet.  The  total  length  of 
excavation  here  would  be  about  800  feet;  the  average  depth  to  cut,  eight-tenths  of  a 
foot ;  and  the  material  to  be  removed,  about  1,600  cubic  yards  of  bowlders,  varyin|5  ^^ 
size  from  about  6  inches  to  1  foot  or  Id  inches  in  diameter.  There  are  here,  also,  eight 
bowlders,  containing  about  4  cubic  yards  each,  which  obstruct  steamboat  navigation, 
and  four  others  which  obstruct  the  runnini;  of  logs. 

The  second  pitch  is  about  one-quarter  of  a  mile  long.    Here  the  river  again  has  a 

reatly-increased  slope,  and  is  obstructed  by  numerous  bowlders  of  all  sizes  up  to  about  . 
feet  in  diameter.  In  the  channel,  which  is  the  nearer  left  bank  and  sufticientiy 
straight,  the  least  depth  of  water  found  is  3  feet ;  the  bed  is  of  coarse  bowlders,  appar- 
ently about  2  or  3  feet  in  diameter;  the  current  very  rapid,  and  the  water  very  rough 
and  turbulent  where  it  dashes  down  frequent  short  and  steep  slopes  over  the  larger 
bowlders  of  the  bed.  To  properly  clear  this  channel  for  steamboats  there  should  be 
removed  six  large  bowlders,  containing  about  seventeen  cubic  yards  each  ;  twelve  of 
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about  six  cubic  yards  each ;  and  twenty  containing  eacb  abont  thrto  cubic  yards.  The 
one  on  the  lower  pitch,  about  one  hundred  bowlders,  rising  from  3  to  7  feet  above  the 
wat«r,  which  obstruct  the  running  of  logs. 

The  owners  of  the  two  steamboats  which  plied  on  the  river  between  1850  and  1870 
constructed  a  canal  on  the  left  bank,  along  the  bed  of  a  small  stream,  around  these 
rapids.  It  is  now  entirely  out  of  repair,  its  locks  burned  and  destro^^ed,  and  its  bed 
dry. 

1.3.  Gordon  Rips,  about  three  miles  above  the  mouth  of  the  Piscataquis,  aud  opposite 
the  lower  part  of  Gordon  Island,  which  is  separated  from  the  left  bank  by  a  small  and 
•circuitous  chute.  These  rapids  are  about  a  half  mile  in  length,  along  which  distance 
the  river  has  a  considerably  increased  slope,  a  rapid  current,  and  contains  numerous 
bowlders  of  all  sizes  up  to  8  or  10  feet  in  diameter ;  a  ledge  of  slate  also  juts  out  from 
Gonlon  Island.  For  about  two-thirds  of  the  distance  from  the  head  of  the  rapids  the 
channel  is  parallel  with  aud  about  sixty  yanls  from  the  left  bank ;  it  then  crosses  to 
>vithin  about  sixty  yards  of  the  right  bank.  The  river  here  is  about  250  yards  wide, 
and  the  channel  at  its  two  narrowest  parts,  between  groups  of  large  bowlders,  onl^' 
about  100  feet  wide.  The  bed  is  of  small  bowlders,  and  tne  least  depth  of  water  2 
feet.  The  length  of  the  excavation  would  be  about  120  yards ;  the  average  depth  to 
cnt,  6  ioohes;  and  the  material  to  be  removed,  about  500  cubic  yards  of  small  bowlders. 
Twelve  bowlders,  containing  about  four  cubic  yards  each,  should  also  be  removed. 

14.  A  bhoal  of  sravel  about  two-thirds  of  a  mile  above  Gordon  Rips.  The  least  depth 
of  water  in  the  channel  is  1.7  feet;  the  total  length  of  excavation,  about  350  yards  ; 
the  averajge  depth  to  cut,  eight-tenths  of  a  foot,  and  the  material  to  bo  removedj  about 
^3,300  cubic  yards  of  gravel. 

15.  A  shoal  of  gravel  and  ledge  immediately  below  Mohawk  Rips.  On  the  shoal  the 
least  depth  of  water  in  the  channel  is  1.9  feet ;  the  length  of  the  required  excavation, 
4ibout  300  yards ;  the  average  depth  to  cut,  seven-tenths  of  a  foot ;  and  material  to  be 
removed,  about  1,750  cubic  yards  of  gravel.  The  led^e  is  of  slate,  and  is  at  the  lower 
«Dd  of  the  gravel-shoal.  The  least  depth  of  water  on  it  in  the  channel  18.1.3  feet.  The 
length  of  toe  excavation  would  be  about  100  feet ;  the  average  depth  to  cut,  1  foot ; 
and  the  material  to  be  removed,  about  270  cubic  yards  of  solid  slate-rock. 

16.  Mohawk  Rips,  about  fifteen  miles  below  Winn.  Here  the  river  is  abont  330 
yards  wide,  and  is  obstructed  for  about  half  a  mile  by  a  great  number  of  bowlders  of 
all  sizes  up  to  8  or  10  feet  in  diameter,  thickly  scattered  over  it ;  it  has  also  a  consider- 
ably-increased slope  and  a  rapid  current.  The  channel  is  near  and  nearly  parallel  with 
the  right  bank ;  is  respectively  about  60,  75,  and  100  feet  wide  at  its  three  narrowest 
parts,  between  groups  of  large  bowlders ;  has  a  bowlder  bottom,  and  a  minimum  depth 
4)f  3  feet  of  water  from  the  uead  to  the  lower  part  of  the  assemblage  of  bowlders. 
From  this  point  downward  about  350  yards  the  channel  is  shallow,  having  a  least  depth 
of  1.2  feet.  The  length  of  the  required  excavation  would  be  abont  350  yards ;  its 
average  depth,  1  foot ;  and  the  material  to  be  removed,  about  3,000  cubic  yards  of 
«mall  uowlaers.  To  properly  clear  the  channel  through  these  rapids  would  require  the 
removal  of  one  bowlder  containing  about  3,  one  about  5,  and  two  about  7  cubic  yards, 
beaides  various  smaller  ones,  amounting  to  about  50  cubic  yards.  There  are  also  at 
these  rapids  about  75  bowlders  rising  from  3  to  10  feet  above  the  water,  which  obstruct 
the  running  of  logs. 

17.  Mattamiscoutis  Rips,  about  fourteen  miles  below  Winn.  Here  there  is  a  large 
sboal,  about  one-fourth  of  a  mile  long,  of  gravel  and  small  bowlders,  with  numerous 
larger  ones  scattered  over  it,  extending  from  the  right  bank  about  two-thirds  across 
the  river,  which  at  this  place  forms  a  curve,  and  varies  in  width  from  about  200  to 
about  350  yards.  The  channel  lies  around  the  shoal :  is  at  its  narrowest  point,  between 
a  group  of  bowlders  and  the  left  bank,  about  100  feet  wide ;  has  a  bowlder  bottom, 
and,  for  a  very  short  distance,  a  minimum  depth  of  2  feet.  The  current  is  rapid,  and 
the  water  ri]>ples  over  the  bowlder  bottom.  There  would  bo  required  here  the  removal 
of  about  150  cubic  yards  of  small  bowlders. 

18.  A  shoal  of  gravel  and  sand  opposite  the  lower  end  of  Mednawcook  Island,  in  the 
chute  next  to  the  right  bank.  The  least  depth  of  water  in  the  channel  is  1^  feet ; 
length  of  required  excavation,  about  530  yards;  average  depth  to  cut,  nine-tenths  of  a 
foot ;  material  to  be  removed,  about  4,000  cubic  yards  of  gravel  and  sand. 

19.  A  shoal  of  gravel  onposite  the  upper  part  of  Lincoln  Islands,  in  the  chute  next 
to  the  right  bank.  The  least  depth  of  w^ater  in  the  channel  is  1  foot ;  length  of  re- 
qnireil  excavation,  abont  400  vards;  average  depth  to  cut,  1  foot;  material  to  be  re- 
moved, about  3,500  cubic  yards  of  gravel  mixed  with  a  small  quantity  of  sand. 

20.  A  ahoal  of  gravel  and  sand  about  400  yards  above  Lincoln  Centre.  The  least 
depth  of  water  in  the  channel  is  1.8  feet ;  length  of  required  excavation,  about  500 
yafdB ;  average  depth  to  cut,  G  inches ;  material  to  be  removed,  about  2.000  cubic  yards 
of  gravel  aud  sand. 

21.  A  shoal  about  three-fourths  of  a  mile  below  Seabonibus  Rips.  The  least  depth  of 
water  in  the  channel  is  1.3  feet ;  length  of  required  excavuliou,  about  450  yanU ;  aver  - 
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age  depth,  niDe-tenths  of  a  foot;  material  to  be  removed,  about  3,400  cubic  yards  ot 
small  bowlders  and  gravel. 

22.  Seabonibus  Rips,  about  five  miles  below  Winn.  Here  the  river  is  about  150 
yards  wide,  and  has  along  about  200  yards  a  number  of  large  bowlders  scattered  over 
it,  between  the  right  bank  and  the  channel,  which  at  its  narrowest  part,  between  the 
bowlders  and  left  bank,  is  about  50  yards  wide.  The  least  depth  of  water  is  2.2  feet ; 
length  of  the  required  excavation,  about  220  yards;  average  depth,  four-tenths  of  a 
foot;  material  to.be  removed,  about  800  cubic  yards  of  small  bowlders. 

23.  A  shoal  in  the  chute  between  the  leil  bank  and  Snow  Island.  The  least  depth 
of  water  in  the  channel  is  1.9  feet ;  length  of  the  require<l  excavation,  about  350  yards ; 
average  depth,  four-tenths  of  a  foot ;  material  to  be  removed,  about  1,200  cubic  yards 
of  fine  gravel  and  sand. 

24.  A  shoal  between  the  head  of  Swan  Island  and  the  foot  of  Brown's  Island.  The 
least  depth  of  water  in  the  channel  is  1.6  feet;  length  of  excavation,  about  'M)0  yards  ; 
average  depth,  about  six- tenths  of  a  foot ;  material  to  be  removed,  about  1,500  cubic 
yards  of  fine  gravel. 

25.  Several  shoals  in  chute  between  the  right  b^ink  and  Hrown's  Island.  The  least 
depth  of  water  in  the  channel  is  1.3  feet ;  the  total  length  of  excavation,  about  1,000 
yards ;  average  depth,  seven-tenths  of  a  foot ;  material  to  be  removed,  about  5,H0O 
cubic  yards  of  gravel. 

26.  Five  Islauds  Rips.  The  foot  of  these  rapids  is  about  300  yards  abov«  Winn. 
They  are  about  300  yards  long,  and  immediately  above  them  the  river  is  divided  into 
five  narrow  chutes  of  five  islands.  The  distance  from  the  head  of  the  islands  to  the 
foot  of  the  rapids  is  about  one  mile,  along  which  the  rivei^bed  is  formed  in  a  ledge  of 
slate,  which  constitutes  the  obstruction,  and  which  crops  out  in  the  river  just  above  the 
islands,  along  the  banks  of  the  chutes,  and  in  large  masses  just  below  th^  islands,  on 
the  left  of  the  channel  at  the  rapids.  The  width  of  the  river  above  the  islands  is  about 
250  yards,  and  that  of  the  second  chute  from  the  right  bank,  through  which  the  chan- 
nel passes,  is  only  38  yards  at  its  upper  and  narrowest  part.  Below  this  chute  the  chan- 
nel over  the  rapids  is  near  the  right  bank,  and  rather  crooked,  following  that  bank  in 
a  somewhat  abrupt  turn  to  the  right.  The  current  through  the  chute  is  swift,  and  in> 
creases  to  great  rapidity  at  the  rapids,  where  for  about  200  feet  the  slope  is  steep  and 
the  water  rough  and  turbulent,  dashing  over  the  ledge  down  several  short  and  steep> 
slopes.  In  the  channel,  from  a  point  about  300  feet  above  the  islands  to  the  foot  of  tho 
rapids,  the  bottom  is  alternately  of  ledge  and  bowlders,  which  undoubtedly  overlie  the 
ledge.  The  depth  of  water  varies  from  1^  to  5  feet.  Above  the  island  the  minimum 
depth  is  1.9  feet ;  in  the  chute  it  is  1^  feet,  and  on  the  rapids  2^  feet.  The  length  of  the 
required  excavation  (for  a  channel  2|  feet  deep  and  60  ieet  wide)  would  be  about  30O 
yards ;  the  average  depth  to  cut,  six-tenths  of  a  foot ;  and  the  material  to  be  removed 
about  1,200  cubic  yards  of  solid  slate  rock  and  bowlders.  It  is  said  that  in  running 
logs  great  labor  is  expended  yearly  in  setting  adrift  large  numbers  of  logs  which, 
gather  and  lodge  in  the  two  left  chutes  in  consequence  of  their  contracting  channels 
and  irregular  shores.  This  labor  could  be  saved  by  the  constrnction  of  a  dam  or  boom, 
about  500  feet  long,  and  extending  from  the  left  bank  of  the  river  obliquely  across  the 
heads  of  these  chutes  to  the  left  bank  of  the  middle  chute. 

27.  Babcock's  Rips,  about  three-fourths  of  a  mile  below  Mattawamkeag.  Here  for 
about  one-quarter  of  a  mile  the  banks  are  lined  with  slate-ledge,  and  a  large  number 
of  bowlders  of  various  sizes.  Between  the  latter  there  is  a  good  channel  at  least  lOO 
feet  wide,  having  a  bottom  of  coarse  bowlders,  a  strong,  smooth  current,  and  a  depth 
varying  from  3  to  9  feet,  excepting  at  one  point,  where  it  is  only  2.1  feet ;  the  material 
to  be  removed  here  is  about  100  cubic  yards  of  coarse  bowldera  from  the  bed  of  the 
channel.    There  are  also  eight  large  bowlders,  which  obstniot  the  running  of  logs. 

28.  Shoals  of  gravel  between  Mattawamkeag  and  Mattaoennk  Rips.  Between  these 
two  places  the  distance  is  about  six  miles,  and  the  river-bed  is  a  succession  of  gravel 
shoals,  upon  which  the  least  depth  of  water  in  the  channel  is  1  foot ;  while  between 
them,  t.  6.,  between  their  2^  feet  curve,  the  average  depth  is  about  3^  feet.  The  total 
length  of  the  excavation  required  here  would  be  about  4,300  yards ;  the  average  depth 
to  cut  six-tenths  of  a  foot,  and  the  material  to  be  removed  about  17,200  cubic  yards  of 
gravel,  mixed  with  small  bowlders  and  a  trace  of  sand. 

29.  Mattaceunk  Rips,  about  seven  miles  below  Med  way.  These  rapids  are  about 
one-quarter  of  a  mile  long,  and  consist  of  a  shoal  of  bowlders,  over  which  are  scattered 
numerous  larger  bowlders,  of  all  sizes,  up  to  about  10  feet  in  diameter.  The  rlv^-be<i 
has  a  considerably  increased  slope,  and  the  current  is  rapid.  The  channel  is  tortuous, 
crossing  from  the  right  to  the  left  bank,  along  which  it  lies  over  the  steepest  and  worst 
part  of  the  rapids.  In  it  the  least  depth  of  water  is  1  foot,  the  extreme  depth  4,  and  the 
average  depth  3  feet.  The  length  of  the  required  excavation  would  be  about  60  yards  ; 
its  average  depth  seven-tenths  of  a  foot;  and  the  material  to  be  removed  aboat 
300  cubic  yards  of  small  bowlders.  To  straighten  the  channel  there  should  also  be 
renioved  three  bowlders,  containing  respectively  about  16,  12,  and  5  cubic  yards>  ami 
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about  thirty  containinf(  from  one-half  to  two  cabic  yards  each.    There  are  here  also 
abont  thirty  bowlders  which  obstruct  the  ruuning  of  lo|^. 

:iO.  From  Mattacennk  Rips  to  Salmon-stream  Rips,  a  distance  of  abont  two  miles. 
Between  these  two  places  the  river  is  much  obstructed  by  shoals  of  gravel,  on  which 
the  minimum  depth  of  water  in  the  channel  is  1.1  feet,  while  between  their  2}  feet 
curves  the  average  depth  is  3|  feet.  The  total  length  of  excavation  required  through 
these  shoals  would  be  about  1,000  yards ;  the  average  depth  to  cut  seven-tenths  of  a 
foot ;  and  the  material  to  be  removed  abont  4,800  cubic  yards  of  coarse  gravel  and 
small  bowlders,  mixed.    The  river  is  about  200  yards  wide  and  the  current  gentle. 

31.  Salmon-stream  Rips,  abont  four  miles  below  Medway.  ^Here  for  about  one-quar- 
ter of  a  mile  the  river  has  a  somewhat  increased  slope,  a  moderately  rapid  current, 
and  contains  scattered  over  it  numerous  bowlders,  between  which  there  is  a  tortuous 
channel  at  least  100  feet  wide,  in  which  the  average  depth  of  water  is  4  feet,  and  the 
least  depth  2^  feet,  excepting  over  two  very  small  groups  of  bowlders,  where  it  is  > 
respectively  1  and  2  feet.  The  removal  of  these  bowlders  from  its  bed  and  of  several 
larger  ones  from  its  sides  to  straighten  it,  might  be  effected  with  decided  improvement 
to  the  channel  at  an  expense,  say,  of  $500. 

32.  A  shoal  of  gravel  about  midway  between  Salmon-stream  ftips  and  Saint  Mary 
Rips.  The  distance  between  these  two  places  is  about  one  mile.  Between  them  and 
this  shoal  the  average  depth  of  water  is  4  feet.  On  the  shoal  the  least  depth  in  the 
channel  is  1.4  feet;  the  cnrrent  is  swift  and  the  water  ripples.  The  length  of  the 
excavation  would  be  about  380  yards;  its  average  depth  6  inches;  and  the  material  to 
be  removed,  abont  1,300  cubic  yards  of  coarse  gravel  mixed  with  small  bowlders. 

33.  Saint  Mary  Rips,  about  three  miles  below  Medway.  Here  for  about  one-quarter 
of  a  mile  the  river  has  a  considerably  increased  slope,  and  a  bed  of  bowlders  varying 
from  about  6  to  about  18  inches  in  diameter,  over  which  the  cnrrent  is  rapid  and  the  water 
rongh.  There  are  also  scattered  over  the  river  numerous  larger  bowlders,  from  2  to 
about  5  feet  in  diameter,  which  are  awash  at  the  low  and  beneath  the  surface  at  the 
high-water  stage.  The  least  depth  of  water  in  the  channel  is  1.4  feet.  The  length  of 
excavation  would  be  about  170  yards ;  its  average  depth  seven-tenths  of  a  foot ;  and 
the  material  to  be  removed  about  800  cubic  yards  of  bowlders  from  the  bed  of  the 
channel.    Just  below  these  rapids  the  river  narrows  to  about  100  yards  wide. 

34.  A  shoal  of  gravel  just  below  Daisy  Rips.  The  least  depth  of  water  in  the  chan- 
nel is  1.3  feet;  the  length  of  the  required  excavation  about  250  yards;  its  average 
depth  four-tenths  of  a  foot ;  and  the  material  to  be  removed  about  700  cubic  yards  of 
gravel.    The  current  is  rapid. 

:)5.  Daisy  Rips,  about  one  and  one-half  miles  below  Medway.  Here,  for  about  500  feet, 
the  water  is  shallow  and  the  current  rapid  over  a  bed  of  small  bowlders.  There  are 
also  bowlders  4  or  5  feet  in  diameter  thinly  scattered  abont  the  river.  The  least  depth 
of  water  in  the  channel  is  1  foot.  The  length  of  the  required  excavation  about  200 
yards;  its  average  depth  1.1  feet;  and  the  material  to  be  removed  about  1,500  cubic 
yards  of  bowlderst 

liG.  From  Daisy  Rips  to  Medway.  Between  these  two  places  there  are  three  small 
shoalfl.  The  least  depth  of  water  on  them  in  the  channel  is  respectively  1.5, 1.9,  and  1.5 
feet.  The  total  length  of  excavation  through  them  would  be  about  270  yards;  ita 
average  depth  seven-tenths  of  a  foot ;  and  the  material  to  be  removed  about  1,200  cubic 
yards  of  gravel  mixed  with  small  bowlders. 

At  Medway,  the  east  and  west  branches  flowing,  the  former  south  by  east,  and  the 
latter  in  a  general  southeast  direction,  unite  and  form  the  Penobscot  proper.  The 
West  Branch  is  the  w^der,  and  discharges  the  larger  volume  of  water,  while  the  East 
Branch  is  the  less  obstrnctedi 

THE  EAST  BRANCH. 

This  stream  could  be  made  navigable  for  boats  drawing  2^  feet  of  water  to  Rocky 
Rips,  about  seven  miles  above  Medway.  To  that  point  its  average  width  is  about  200 
feet. 

The  obstructions,  in  the  order  in  which  they  are  met  in  ascending  it,  are  as  follows, 
viz: 

1.  From  Medway  to  Ledge  Falls,  a  distance  of  about  two  and  one-quarter  miles. 
Here  there  is  a  succession  of  gravel  shoals.  In  the  channel  the  average  depth  of  water 
between  them  is  3.8  feet.  The  least  depth  of  water  on  them  in  the  channel  is  1  foot. 
The  total  length  of  the  required  excavation  through  them  would  be  (for  a  channel  2^ 
feet  deep  and  60  feet  wide)  about  1,300  yards ;  the  average  depth  to  cut  J  .7  feet ;  and 
the  material  to  be  removed,  abont  14,700  cubic  yards  of  gravel.  The  current  is  not 
very  rapid,  and  in  many  places  the  water  ripples  over  the  gravel. 

2.  Ledge  Falls.  Here  a  ledge  of  slate  extends  across  the  river  and  forms  its  bed  for 
a  distance  of  about  700  feet.  The  strata  have  a  nearly  vertical  dip  and  extend,  in  places, 
3  or  4  feet  above  the  water.  Over  the  ledge  the  river  has  a  greatly  increased  slope,  and 
an  excessively  strong  and  rapid  current.    At  the  upper  and  lower  limits  pf  the  ledge 
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the  channel  between  its  higher  points  is,  for  a  few  feet,  only  about  30  feet  wide,  at  which 
places  the  water  is,  respectively,  2.3  and  4  feet  deep,  runs  with  extreme  rapidity,  and  is 
very  rough,  dashing  down  slopes  having  about  li  and  2i  feet  fall  in  distances  of  10 
and  30  feet.  lu  the  channel  the  average  depth  of  water  on  the  ledge  is  3  feet  and 
the  least  depth  1^  feet.  It  is  ronghly  estimated  that  there  would  here  be  required 
the  excavation  of  about  700  cubic  yards  of  solid  slate  rock. 

3.  From  Ledge  Falls  to  Rocky  Rips,  a  distance  of  about  four  and  three-quarter  miles. 
Between  these  two  places  there  is  a  succession  of  gravel  shoals.  The  least  depth  of 
water  on  them  in  the  channel  is  1  foot ;  the  total  length  of  the  required  excavation 
through  them  about  1,700  yards ;  its  average  depth  seven- tenths  of  a  foot ;  and  the 
material  io  be  removed  about  8,000  cubic  yards  of  gravel. 

The  examination  of  this  branch  extended  only  to  Rocky  Rips.  Above  these  rapids 
for  fully  two  miles,  embracing  them  and  the  **  Upper"  and  "  Lower"  Grindstone  Rips, 
it  is  obstructed  by  large  masses  of  slate-ledge  and  by  immense  numbers  of  bowlders  of 
all  sizes  up  to  15  or  20  feet  in  diameter;  its  slope  is  steep  ;  its  current  very  rapid,  aiid 
the  water  in  places  very  shallow. 

Above  the  Upi)er  Grindstone  Rips  there  are,  I  have  been  Informed,  occasional  long 
reaches  which  are  comparatively  unobstructed.  The  entire  length  of  the  East  Branch 
is  said  to  be  about  sixty-three  miles.  It  cannot  be  made  navigable  further  than  to  Rocky 
Rips,  at  least  without  enormous  expense. 

THE  WJCST  BRANCH. 

Between  Med  way  and  Shad  Pond,  a  distance  of  about  ten  miles,  this  stream  is  ob- 
structed by  the  following  rapids,  viz : 

1.  Nicaton  Rips,  just  above  Medway.  Least  depth  of  water  in  channel,  3  feet ;  least 
depth  on  shoal  of  bowlders  just  below,  1  foot. 

2.  Rocky  Beamy  Rips,  about  one  and  one-half  miles  above  Medway,  and  one-eighth 
of  a  mile  long.    Least  depth  of  water  in  channel,  2  feet. 

3.  Wade  Rips.  A  shoal  of  bowlders  about  one-half  of  a  mile  long.  Least  depth  of 
vrater,  for  about  200  feet,  1^  feet. 

4.  Burnt  Land  Rips,  about  three  miles  above  Medway  and  about  three-fourths  of  a 
mile  long.    Least  depth  of  water  in  channel,  2  feet. 

5.  Rocky  Rips,  about  four  miles  above  Medway  and  about  three-fourths  of  a  mile 
.  long ;  least  depth  of  water  in  channel,  1  foot. 

6.  Dolby  Rips,  about  five  and  one-half  miles  above  Medway,  and  about  three-fourths 
of  a  mile  long ;  least  depth  of  water,  2  feet. 

7.  Ledge  Falls,  about  six  and  one-half  miles  above  Medway,  and  about  700  yards 
long ;  least  depth  of  water,  1  foot. 

8.  Jerry  Brook  Rocks,  about  seven  and  one-half  miles  above  Medway,  and  about  one 
mile  long ;  least  depth  of  water,  2  feet. 

9.  Pond  Falls,  about  one-quarter  of  a  mile  below  Shad  Pond,  and  about  three-fourths 
of  a  mile  long ;  least  depth  of  water,  I  foot. 

Shad  Pond,  through  which  the  West  Branch  flows,  is  the  upper  limit  of  the  examina- 
tion.   It- has  an  area  of  about  three-fourths  of  a  mile  square. 

All  of  the  above  rapids,  excepting  Nicaton,  Wade,  and  Dolby  Rips,  are,  to  use  the 
expreesion,  forests  of  large  bowlders,  between  which  the  water  flows  with  a  very  rapid 
current,  and  in  a  very  turbulent  manner,  over  a  rough  and  very  steeply  sloping  bed. 
At  Pond  Falls,  Jerry  Brook  Rocks,  and  Ledge  Falls,  m  addition  to  the  bowlders,  thero 
are  ledges  of  slate  cropping  out  in  the  river.  The  descent  of  the  bed  between  Shad 
Pond  and  Medway  must  be  great. 

The  West  Branch  cannot  be  made  navigable  above  Medway.  It  contains  an  immense 
number  of  large  bowlders.  By  blasting  off  the  tops  of  many  of  them  the  ruuning  of 
logs  could  be  much  improved. 
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ESTIMATE  OF  COST  OF  IMPROVEMENT. 

I. — Cost  of  cutting  a  channel  75  feet  wide  and  3  feet  deep  through  the  obstructions  between 

Oldtown  and  Winn, 


II 


Material. 


ObetnictioDs. 


Kind. 


A  Bhoal 

, do 

do 

Spencer  Kipa 

A  shoal 

Ayer's  Rips 

Aaboal 

do 

do 

Pasaadurokoaj;  Rip« . 
Afthoal 


12  I  Piacataqnia  Rips . 


17 
18 
19 

no 

SI 
2-2 
33 
34 
25 


!; 


Gordon  Kips 

A  sboal  

< do 

{  A  slate  ledj;o 

Mohawk  Rips 

Mattamiscontis  Rips . 

A  shoal 

do 

do 

do 

Seabouibns  Rips 

A  shoal 

do 

Several  shoals 


Gravel  and  small  bowlders 

(f ravel  and  sand , — 

Coarse  ijravel 

Gravel  and  small  bowlders 

do 

do 

Gravel,  sand,  and  small  bowlders 

Fine  pravel * 

Gravel 

Slate  rock.... 

Gravel  and  small  bowlders 

State  rock 

Small  bowlders 

Large  bowlders 

Small  bowlders 

Larj;o  bowlders 

Gravel 

do 

Slate  rook 

Small  bowlflera 

Larj^e  bowldera 

Small  bowlders 

Gravel  and  sand 

do 

do 

Small  bowldera  and  gravel 

Small  bowlders 

Gravel  and  sand 

Fine  sand 

( ira  vel 


Total. 


^1 


170 
1,400 
1.100 
2,900  I 
2,200 
3, 100  I 
2,000  I 

500  I 
3,000  I 

20U  I 
4,000  I 
3,000  , 
1.  600  i 

.546  . 

500 
48  ! 
2,300  I 
1,750  , 

270  I 

3,000  I 

72 

4,000  . 
3.500 
2,000  , 
3,  4U0  ' 
WO  ! 
1,200  * 
1,500  . 
5,e()0 


© 

s 

u 

^ns 

^S, 

« 

o 

£ 

-< 

ei  00 

9170 

1  00 

1,400 

1  00 

1,100 

1  00 

2,900 

1  00 

2,200 

1  00 

3,100 

1  00 

2,000 

1  00 

500 

1  00 

3,  GOO 

15  00 

3, 000 

1  00 

4,000 

15  00 

45,000 

3  00 

4,ii00 

3  00 

1,638 

300 

1,500 

3  00 

144 

1  00 

2. 300 

1  00 

1,  750 

15  00 

4, 050 

3  00 

9,000 

3  00 

216 

3  00 

4.% 

1  00 

4,000 

1  00 

3,  ,700 

1  00 

2,000 

2  00 

6,800 

3  00 

2,400 

1  00 

1,200 

1  00 

1,500 

1  00 

5.800 

122, 018 


II. — Cost  of  cutting  a  channel  60  feet  wide  and  2^  feet  deep  through  the  obstructions  bettreen 

Winn  and  Medway, 


I* 

la. 


Obstructions. 


Five-Island  Rips 

Babcock's  Rips , 

Several  shoals 

Mattaceank  Rips .... 

Several  shoals 

Salmon-stream  Rips., 

Ashoal 

Saint  Mary  Rips 

A  shoal 

Daisy  Rit>8 

Several  snoals 


Total. 


Material. 


Kind. 


I    6  . 

I        «'' 

I      O  es 
6  '-^ 

1   ^ 


Slate  rook  and  bowldera 

Coarse  bowlders 

Gravel  and  small  bowldera 

Large  and  small  Irawldera 

Coarae  gravel  and  small  bowldera. 

Large  and  small  bowldera 

Coarse  gravel  and  small  bowldera. 

Small  bowlders 

Gravel , 

Small  bowldera 

Gravel  and  small  bowldera , 


1.900 

100 

17,200 

370 

4,800 


1.300 

800 

700 

1.500 

1,200 


U 


g 

o 
S 


910  00  I 
3  00  I 

1  00 
3  00  I 

2  00  I 


2  00 

3  00 

1  00 
3  00 

2  00 


912,000 

300 

17,200 

1,110 

9,600 

500 

2.600 

2,400 

700 

4.500 

2.400 

53,  310 
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III. — Co8t  of  cutting  a  channel  CO  feet  tcide  and  2\  feet  deep  through  the  obstructions  between 
Medway  and  liocky  MipSj  on  the  East  Branch, 


i 

bbstructions. 

Material. 

c"  "^ 

s 
« 

it 

o 

If 

a 

1 

Kind. 

a 

o 

1 

1 

Several  Bhoals 

G  ra  vel 

14,700 

700 

8,000 

#1  00 
15  00 
1  00 

$14, 700 

9 

Ledgo  Falls 

Slate  rock  . 
Gravel 

10.  WW 

;{ 

Several  Bhoals 

8,  (MN) 

Total 

33,^200 

SUMMARY. 

Cost  of  improvemeDt  between  Oldtown  and  Winn ;^l*22.  OlS 

Cost  of  improvement  between  Winn  and  Med  way 53, 310 

Cost  of  improvoment  between  Medway  and  Rocky  Rips 33, 200 

Total 208,528 

Add  for  contingencies  and  engineering  expenses,  (say  15  per  cent.) 31, 279 

Aggregate 239,807 

I  cannot  discover  a  necessity  for  the  removal  of  these  obstructions  by  the  Govern- 
ment; nor  the  expediency  of  the  expenditure  by  it  of  any  such  sum  of  money  upcn  this 
part,  of  this  river  for  the  purpose  of  improving  it  for  steamboat  navigation,  cut  off,  as 
It  is,  from  tide-water  navigation.  There  are  a  great  number  of  streams,  more  or  less 
remote  tributaries  to  the  great  rivers  in  the  country,  for  the  improvement  of  which 
large  appropriations  could,  with  as  good  reason,  be  expected. 

In  regard  to  the  expenoiture  of  from  $20,000  to  $50,000  upon  bowlders,  chiefly  ic 
the  West  Branch,  to  improve  the  running  of  logs,  it  is  a  question  whether,  with  justice, 
such  an  expenditure  should  not  be  made  rather  by  the  lumber  interest  than  by  the 
Government.  It  would  result,  probably,  in  beneht  chiefly  to  a  comparatively  very 
small  number  of  persons  extensively  interested  in  lumber  and  owners  of  large  tracts  of 
laud  in  the  lumber  region. 

The  actual  descent  of  the  river  between  different  places  herein  given  is  taken  from  a 
work  on  the  "  Water-Power  of  Maine,"  by  the  superintendent  of  the  hydrographic 
flurvey  of  that  State. 

Respectfully  submitted. 

W.  8.  Stanton, 
Captain  of  Engineers,  U.  S.  J. 

Lient.  Col.  Gko.  Thom, 

Corps  of  Engineers  J  U,  S,  /I. 


Y  23. 

SURVEY  OF  PORTSMOUTH  HARBOR,  NEW  HAMPSHIRE. 

United  States  Engineer  Office, 

Portland,  Me,  December  13, 1873. 

General  :  I  have  the  honor  to  submit  the  following  report  011  the 
survey  of  Portsmouth  Harbor,  New  Hampshire : 

Th  8  survey  was  called  for  by  act  of  Congress  approved  March  3, 1873, 
"  making  appropriations  for  the  repair,  preservation,  and  completion  of 
certain  public  works  on  rivers  and  harbors,  and  for  other  i>urpo8e8,'' 
and  was  made  under  ray  instructions,  in  June  and  July  last,  by  my  as- 
sistant engineer,  Mr.  Sophus  Haagensen.  His  report  and  map  of  the 
same,  also  prepared  under  my  direction,  are  herewith  submitted. 

The  object  of  this  survey  was  tlie  building  of  a  breakwater  between 
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Gerrish's  Island  and  Wood  Island,  at  the  outer  entrance  of  the  harbor. 
The  site  of  the  proposed  breakwater  is  a  ridge  or  bar  connecting  these 
two  islands,  the  shortest  distance  between  them  being  1,330  feet  at  high 
water  and  872  feet  at  mean  low  water,  while  at  extreme  low  water  this 
ridge  or  bar  is  uncovered  nearly  its  whole  length.  This  bar  consists  of 
coarse  shingle,  intermixed  with  larg^  bowlders,  covering  a  ledge  which 
crops  out  at  several  places  aboA^e  the  18-foot  curve,  forming  Wood  Island, 
Whale's  Back,  White  Island,  Horn  Island,  and  a  number  of  rocky  points, 
dry  at  half  tide,  scattered  between  the  high  and  low  wat^r  line  of  Ger- 
rish's Island.  The  solid  and  unchanging  character  of  thin  bar  affords  a 
very  favorable  foundation  for  the  breakwater  proposed. 

The  estimat^jd  cost  of  this  work,  built  of  rubble-stouo  as  shown  on  the 
drawing,  and  for  a  length  of  1,376  feet,  is  8150,000. 

The  extent  to  which  the  commerce  of  this  country  would  be  promoted 
by  the  proposed  work,  as  plainly  seen  on  referringto  the  accompanying 
sketch  of  this  harbor,  would  bo  very  great,  in  the  large  increase  of  safe 
anchorage-ground  that  would  thereby  be  afforded  to  the  vessels  uf  w^ar 
connected  with  the  nav^'-yard  at  this  place,  as  well  as  to  the  numerous 
vessels  engaged  in  the  coasting  and  foreign  trade,  and  in  affording  a 
good  harbor  of  refuge,  during  southeast  gales,  to  fishing  and  coasting 
vessels  on  reaching  the  outer  harbor. 

This  work  would  derive  increased  importance  from  the  fact  that  this 
harbor,  thus  enlarged  and  improved,  would  be  well  protected,  and  com- 
manded by  Fort  Constitution  and  Fort  McOlary  and  the  new  batteries 
now  in  process  of  construction  on  Gerrish's  Isla!id  and  Jerry's  Point. 

liespectfully  submitted. 

Geo.  Thom, 
LienL  CoL  of  Engineers^  Bvt  Brig.  Gen.  U.  8.  A. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  U.  8.  A. 


Kvpori  of  Mr,  Soj^hus  Haagenseuj  Aasisiunt  Engineer, 

UxrrED  States  Engixkkr  Office, 

Portland,  Jfc,  November  29,  1873. 

General:  In  obeilionce  to  your  instractions  of  June  25, 1  proceeded  to  Fort  Consti- 
tution, Portsmouth  Harbor,  New  Hampshire,  to  uiake  a  survey  such  as  might  be  noces- 
sary  for  locating  a  breakwater  between  Gerrish's  Island  and  Wood  Island,  and  making 
an  estimate  of  the  cost  thereof. 

The  field-work  was  commenced  June  28,  and  finished  July  10,  1873. 

I  have  the  honor  to  submit  the  foUowing  report  upon  this  survey,  as  well  as  a  draw- 
ing, comprising  a  map  of  the  survey,  drawn  to  a  scale  of  200  feet  =  1  inch,  or  1  :  2400, 
showing  the  location  of  the  proposed  breakwater,  a  map  of  Portsmouth  Harbor,  from 
Whale's  Back  light  to  the  Narrows,  in  a  scale  of  1 :  20,000,  from  United  States  Coast  Sur- 
vey maps,  a  cross-section  of  the  proposed  breakwater,  and  a  length  profile  through  the 
axis  of  the  same. 

The  survey  was  commenced  by  meadsw ing  a  base-line  on  Gerrish's  Island,  A-B,  (794.58 
feet  long,  horizontal  distance,)  and  from  this  base-line  triaugulation  w^as  extended  to 
varions  fixed  points  on  Gerrish's  and  Wood  Islands  ;  the  location  of  Whale's  Back  light 
(old  and  new  position)  and  Portsmouth  light  was  also  determined,  in  order  to  use 
those  two  points,  viz,  old  position  of  W^hale's  Back  light  and  Portsmouth  light,  as  a 
base  for  comparison  between  the  present  survey  and  that  of  Capt.  Howard  Stans- 
bnry,  United  States  Topographical  Engineers,  map  of  Portsmouth  Harbor,  New 
Hampshire,  1842-'43-'44.  Details  were  drawn  on  the  plane-table,  andHwelve  lines 
of  soundings  run  over  the  bar  between  Wood  and  Gerrish's  Islands,  the  proposed  site  of 
the  breakwater.  Each  sounding  was  located'on  a  certain  range  by  intersecting  sights 
from  a  plane-table  stationed  ashore.  The  soundings  were  either  taken  with  a  16-foot 
pole,  or  with  a  lead  attached  to  a  galvanized-iron  chain ;  no  load-line  was  used.    Nu- 
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meroiiB  boring^s  were  made  in  order  to  ascertain  the  character  and  stability  of  the 
fonndation  of  the  proposed  breakwater. 

The  soundings  are  all  referred  to  the  plane  of  mean  low-water,  which  is  16  feet  below 
the  casemate  of  Fort  Constitution ;  the  tide-staft*  was  placed  on  the  wharf  at  Fort 
Constitution ;  the  mean  rise  and  fall  of  tide  here  is  8.6  feet. 

The  site  of  the  proposed  breakwater  is  a  high  ridge  or  bar  connectinj^  Gerrish's  Island 
and  Wood  Island.  The  shortest  distance  between  these  two  islands  is,  at  high-water, 
1,330  feet ;  at  mean  low-water,  872  feet ;  at  extreme  low- water  this  bar  is  uncovered 
almost  its  whole  length,  leaving  only  a  short  run  close  to. Wood  Island,  with  not  ex- 
ceeding 2^  feet  of  water  in  it  for  a  distance  of  only  200  feet. 

This  bar  consists  of  coarse  shingle,  intermixed  with  heavy  bowlders,  covering  the 
ledge  which  is  cropping  out  at  numerous  places  above  the  18-foot  curve  forming  Wood 
Island,  Whale's  Back,  White  Island,  Horn  Island,  and  a  number  of  rocky  points  dry  at 
half-tide,* scattered  between  the  high  and  low  water  lines  of  Gerrish's  Island. 

A  careful  comparison  of  the  present  survey  with  that  of  Captain  Howard  Stansbnry, 
United  States  Topo^aphical  Engineers,  made  thirty  years  ago,  shows  no  change  in  the 
contour-lines,  thus  indicating  that  this  bar  has  not  been  subjected  to  changes  during 
this  period.  The  coarse  material  of  which  it  is  composed,  and  the  easy  slopes,  (line  oi 
greatest  depression  has  an  outward  slope  of  1 :  125,  an  inward  of  1 :  37,)  promise  a  solid 
foundation  and  stability  to  the  breakwater  which  may  be  built  on  the  bar  connecting 
Wood  Island  with  Gerrish's  Island. 

The  breakwater  is  proposed  to  be  built  of  heavy  rubble-stone  work  (riprap")  through- 
out; the  top  to  be  12  feet  wide  in  Ref.,  16  feet  above  mean  low- water,  or  7.4  feet  above 
mean  high-water,  which  is  very  nearly  the  height  of  the  adjoining  shores  of  Gerrish's 
and  ;Wood  Islands,  viz:  18.20  feet  and  15.05  feet.  The  outward  slope  to  be  1 :2,  the 
inner  slope  1 : 1.    (See  Figs.  1  and  2.) 

The  axis  or  midline  of  the  top  will  be  a  straight  line  conforming  as  near  as  practica- 
ble to  the  line  of  highest  elevation  of  the  bar.  Two  holes  drilled  in  the  solid  ledge, 
one  on  Gerrish's  Island,  and  one  on  Wood  Inland,  mark  this  line,  the  direction  of  which 
is  N.  39^  6'  E.,  or  N.  E,  |  N.,  true  bearing.  The  distance  between  these  points  is  1,398 
feet.  The  rock  round  the  hole  on  Gerrish's  Island  is  in  ref.  18.20  feet  above  mean  low- 
water;  on  Wood  Island,  15.05i 

The  length  of  the  breakwater  on  top  will  be  1,376  feet;  for  a  distance  of  556  feet  tho 
breakwater  will  rest  on  solid  ledge;  fur  a  distance  of  820  feet  the  fonndation  will  be 
heavy  bowlders  and  coarse  shingle. 

The  estimate  cost  of  the  proposed  breakwater  is  as  follows : 

23,000  cnbic  yards  of  riprap  work,  at  $6  per  cubic  yard §138, 00(> 

Contingencies,  say.. 12,000 

Total  cost  of  breakwater 150,000 

The  advantages  to  Portsmouth  Harbor  derived  from  this  breakwater  will  be  evident 
from  the  accompanying  maj)  of  the  harbor,  in  a  scale  of  1 :  20,000. 

A  red  dotted  line  is  drawn  from  Wood  Island  through  the  northeast  extremity  of 
Great  Island,  (Fort  Constitution.)^  The  part  of  the  harbor  on  the  northeast  side  of  this 
line  is  at  present  very  much  exposed  during  southeasterly  blows,  especially  at  high  tide, 
where  a  direct  wave  1,300  feet  in  width  enters  the  harbor  between  Wood  and  Gerrish's 
Islands,  and  renders  this  part  of  the  harbor  unsafe  as  an  anchorage-ground.  To  be  safe 
in  a  southeast  gale,  vessels  must  pass  Fort  Constitution,  and  anchor  up  close  to  the  north 
shore  of  Great  Island,  or  close  to  the  east  shore  of  Clark's  Island.  By  closing  np  the 
gap  between  Wood  and  Gerrish's  Islands  with  a  breakwater,  as  now  proposed,  the 
above-mentioned  area  between  Wood  Island,  Fishing  Island,  and  Kittery  Point  will  be 
perfectly  free  from  undertow,  or  an  addition  made  to  the  valuable  anchorage-ground  of 
an  area  covering  612  acres  at  high-water ;  the  part  of  this  area  with  more  than  18  feet 
of  water  at  mean  low-water  (27  feet  at  high- water)  measures  270  acres. 

Not  only  will  this  large  part  of  the  harbor  be  improved  by  the  proposed  breakwater, 
but  the  harbor  between  Fort  Constitution  and  Clark's  Island  will,  during  southeast 
gales,  be  free  from  the  swell  which  is  at  present  produced  by  the  spreading  of  the  wave 
entering  the  harbor  between  Gerrish's  and  Wood  Islands. 

The  building  of  the  proposed  breakwater  will  thus  alford  efficient  protection  to  the 
numerous  tishing- vessels  and  coasters  using  the  outer  part  of  Portsmouth  Harbor  as  a 
harbor  of  refuge  during  southeast  gales,  and  increa.sed  anchorage-ground  will  be  ob- 
tained at  a  comparatively  small  expense. 

Very  ^respectfully,  your  obedient  servant, 

Soph  us  Haagexsen, 

Jsdstant  Engineer 

Bvt.  Brig.  Gen.  Geo.  Thom, 

LkuL  CoL  Coi-ps  of  Engineers, 
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Y24. 

SURVEY  IN  IPSWICH  BAY,  MASSACHUSETTS,  AT  HODGKINS  COVE. 

United  Sta^^es  Engineer  Office, 

Portland^  Me.j  December  13, 1873. 

General  :  I  have  the  honor  to  submit  the  following  report  on  the 
survey  "  in  Ipswich  Bay,  Massachusetts,  at  Hodgkius  Oove." 

This  survey,  called  for  by  act  of  Congress  approved  March  3, 1873, 
"  making  appropriations  for  the  repair,  preservation,  and  completion  of 
certain  public  works  on  rivers  and  harbors,  and  for  other  purposes,'^ 
was  made  under  my  instructions  in  June  last,  by  Mr.  Sophus  Haagen- 
sen,  assistant  engineer,  and  his  report  thereon,  dated  November  14» 
1873,  with  the  accompanying  map,  also  made  under  my  instructions  and 
in  consultation  with  me,  are  herewith  submitted  with  my  approval. 

The  object  of  this  survey  was  **  to  ascertain  the  practicability  of  a 
harbor  of  refuge  by  building  a  breakwater  there,"  and  on  referring  to 
the  accompanying  report  and  map  it  will  be  seen  that  there  would  not 
be  any  engineering  difficulties  attending  the  building  of  such  a  work; 
and  that  the  only  suitable  locations  for  it  would  be  either  upon  the  Lower 
or  the  Upper  Plum  Cove  Rocks.  If  located  upon  the  Lower  Plum  Cove 
Hocks  it  would  afford  about  23  acres  of  good  anchorage-ground  for  a 
depth  of  18  feet,  and  32  aci^s  for  a  depth  of  12  feet,  at  mean  low- water, 
and  40  acres  for  the  smaller  class  of  vessels  that  would  resort  to  this 
harbor ;  the  coat  of  the  work  being  estimated  at  $640,000. 

But  if  located  on  the  Upper  Plum  Cove  Rocks,  while  it  would  thereby 
inclose  a  much  larger  space,  it  would  afford  only  about  30  acres  of  addi- 
tional anchorage-ground,  with  the  serious  objection  that  would  ensue 
from  having  the  anchorage  endangered  by  inclosing  the  Lovver  Plum 
Cove  Rocks.  The  estimated  cost  of  a  work  at  this  place  (viz,  Upper 
Plum  Cove  Rocks)  is  $1,130,000. 

The  advantages  of  location  offered  by  the  Lower  Plum  Cove  Rocks 
over  the  Upper  consist,  therefore,  in  its  less  cost,  and  in  affording  a 
more  secure  anchorage,  as  well  as  in  the  partial  protection  that  would 
be  afforded  to  a  breakwater  at  that  place  by  the  Upper  Plum  Cove 
Rocks  in  their  receiving  the  first  shock  of  the  northeasterly  gales. 

The  extent  to  which  the  commerce  of  the  country  would  be  promoted 
by  such  a  work  is  clearly  seen  on  examining  the  accompanying  sketch 
of  this  part  of  the  coast,  bearing  in  mind  that  the  most  dangerous 
winds  that  occur  here  are  the  northeast  gales,  and  that  when  fishing, 
coasting,  and  other  vessels  are  now  caught  in  those  gales  in  Ipswich 
Bay,  they  have  to  run  either  for  Portsmouth  or  Gloucester  Harbors, 
their  sailing  distance  apart  being  thirty-seven  miles,  or  else  have  to 
make  for  Newburyport,  Ipswich,  Essex,  or  Annis  Squam  Harbors, 
which,  owing  to  the  bars  at  their  entrance,  are  dangerous  to  enter, 
except  in  moderate  weather  and  in  favorable  stages  of  the  tide.  This 
breakwater  would  afford  a  much-needed  shelter  for  the  numerous  ves- 
sels that  are  always  found  in  this  bay,  for  the  want  of  which  a  large 
number  of  vessels  are  lost  from  year  to  year. 

For  a  more  definite  understanding  of  the  location  and  plan  ot  the 
work  proposed,  reference  is  asked  to  the  accompanying  report  and 
drawing. 

Respectfully  submitted. 

Geo.  Thom, 
Lieut  Col.  of  Erujintei'8^  Bvt  Brig,  Qen.,  U.  JS.  A. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  d.  S.  A. 
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Report  of  Mr,  Sophus  Uaagmsen^  Assisiant  Engineer. 

United  States  Engineeu  Office, 

Porilandy  Me,,  November  14, 1873. 

General  :  In  obedience  to  your  ^instructions  of  May  28,  ifche  survey  of  Hodgkius 
Cove,  Ipswich  Bay,  Massachusetts,  with  a  view  to  ascertain  the  practicability  of  a 
harbor  of  refuge  by  building  a  breakwater  there,  was  conmieuced  June  0,  1873,  and 
ileld-work  completed  June  24. 

I  have  the  honor  to  submit  the  following  report  upon  this  survey,  as  well  as  a  draw- 
ing, comprising  a  map  of  the  survey,  drawn  to  a  scale  of  200  feet  =  1  inch,  or  I :  t400, 
lowing  location  of  the  proposed  breakwater;  a  map  of  the  coast  from  Gloucester  Har- 
bor, Massachusetts,  to  Portsmouth  Harbor,  New  Hampshire,  (from  United  States  Coast 
Survey  maps,)  in  a  scale  of  1 : 200,000 ;  a  length  profile  through  axis  of  the  proposed 
breakwater,  and  a  cross-section  of  the  breakwater,  showing  details  of  construction. 

The  survey  was  commenced  by  measuring  a  base-line,  A,  B,  C,  from  which  various 
fixed  points  were  determined  by  triaugulation.  From  the  triangulation-points  the 
shore  topography  was  drawn  on  the  plane-table,  and  ranges  for  sounding  laid  out. 

All  the  soundings  were  taken  on  ranges,  and  the  location  of  each  one  determined  by 
sights  from  the  plane-table  stationed  ashore.  The  soundings  were  either  made  with  a 
16>foot  pole  or  with  a  lead  attached  to  a  galvanized-iron  chain ;  no  lead-line  was  used. 

The  plane  of  reference,  to  which  the  soundings  are  reduced,  is  the  mean  low- water 
as  determined  by  sixteen  consecutive  low-waters  observed  on  a  tide-staft'  placed  on  Cape 
Ann  Granite  Company's  wharf.  This  plane  is  11.53  feet  below  the  bench  made  at  this 
place,  the  top  of  an  iron  bolt  set  in  the  coping  of  the  stone  pier.  The  mean  rise  and 
fall  of  tide  is  9.0  feet. 

Hodgkius  Cove  is  a  part  of  Ipswich  Bay,  situated  on  the  northwest  side  of  Cape  Ann, 
-distant  one  mile  to  the  northeast  from  Annis  Squam  light.  A  rocky  promontory,  Da- 
vis Neck,  projects  at  this  point  in  a  northwesterly  direction  from  the  shore,  and.  be- 
tween the  northeasterly  side  of  this  and  the  high  rocky  shores  of  Cape  Ann  the  bottom 
of  the  ocean  slopes  gradually  up  from  a  depth  of  ^4  feet  at  low  water,  formin|2r  a  natural 
anchorage-ground,  sheltered  for  west,  south,  and  southeast  winds,  but  without  any 
protection  against  north,  northeast  and  east  winds.  The  bottom  affords  good  holding- 
ground  for  vessels,  being  composed  of  blue  olay,  covered  with  a  thin  layer  of  fine  white 
and  speckled  sand. 

The  most  dangerous  winds  on  this  part  of  the  coast  are  northeasterly  gales.  Coast- 
ers and  fishing- vessels  caUght  in  a  northeast  gale  in  Ipswich  Bay  will  now  have  to 
make  either  Portsmouth  Harbor,  or  round  Cape  Ann  for  Gloucester  Harbor.  The  sailing- 
distance  between  these  two  harbors  is  thirty-seven  miles.  All  the  harbors  on  Ipswich 
Bay,  Newburyport,  Ipswich,  Essex,  and  Annis  Squam  Harbors  are  *' barred"  harbors, 
•dangerous  to  enter  except  in  fair  weather  and  during  the  last  part  of  the  flood-tide, 
when  there  is  sufficient  depth  of  water  over  the  bars  to  allow  vessels  of  deep  draught 
to  pass  over  them. 

A  glance  at  the  map  of  the  coast  between  Portsmouth  and  Gloucester  Harbors  will  at 
once  show  the  importance  of  having  a  harbor  of  refuge  at  this  part  of  the  coast,  and  the 
advantageous  location  of  Hodgkius  Cove  for  such  a  harbor.  Situated  as  it  is,  on  the 
south  side  of  Ipswich  Bay,  vessels  in  any  part  of  the  bay,  or  coasters  in  any  place  be- 
tween the  north  point  of  Cape  Ann  and  Portsmouth  Harbor,  (a  distance  of  twenty-six 
miles,)  would  have  a  fair  wind  and  a  short  sailing-distance,  seeking  this  place  as  a  har- 
bor of  refuge  for  a  northeast  or  east  wind.  The  largest  class  of  vessels  would  be  able 
to  enter  the  proposed  harbor  at  all  stages  of  the  tide,  there  being  M  feet  of  water  at 
low-tide  in  the  entrance  (see  map  of  survey)  between  Davis  Neck  and  the  end  of  the 
proposed  breakwater. 

Four  miles  to  the  north  of  Hodgkius  Cove  is  a  fishing-bank,  where  numerous  fisbing- 
vessels  are  always  found.  A  large  number  of  these  are  lost  every  year  in  their  attempts 
to  make  Ipswich  or  Annis  Squam  Harbors  during  a  northeast  blow.  A  harbor  at 
Hodgkius  Cove  would  greatly  benefit  the  fishery  in  Ipswich  Bay. 

The  needed  protection  against  northerly  and  easterly  winds,  which  would  make 
Ho<lgkins  Cove  a  safe  harbor  of  refuge  for  all  classes  of  vessels,  would  be  obtained  by 
building  a  breakwater  from  the  shore  in  a  westerly'  direction,  curving  towards  Davis 
Neck,  and  leaving  an  entrance  which  is  800  feet  wide  in  the  high-water  line,  and  450 
feet  clear  opening  in  a  depth  of  18  feet  below  mean  low-water.  This  width  would  be 
ample  to  enable  vessels  to  sail  in  with  head  wind  (east)  and  at  the  same  time  not  so 
large  that  the  harbor  basin  would  be  affected  by  the  swell  in  the  entrance. 

The  end  of  the  breakwater  is  carried  out  so  far  from  the  shore  as  to  be  directly  north 
of  the  extremity  of  Davis  Nick,  thus  excluding  all  northerly  and  easterly  undertow 
from  the  harbor,  (the  entrance  faces  westward,)  but  no  undertow  is  created  by  the  wind 
blowing  from  this  direction;  there  is  only  three  miles  open  water,  and  shoal  water  at 
that,  between  the  entrance  and  the  opposite  shore. 
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The  following  figures  will  give  an  idea  about  the  size  of  the  proposed  harbor  inside 
the  entrance-liue  drawn  from  the  outer  end  of  the  breakwater  to  point  east  ou  Davis 
Nick : 

Area  in  the  high-water  lino G3  acres. 

Area  in  the  low-water  line ^ 48  acres. 

Area  in  the  6-foot  curve ._ 39  acres. 

Area  in  the  12-foot  curve 32  acres. 

Area  in  the  Iri-foot  curve 23  acres. 

Thirty-two  acres  of  the  proposed  harbor  would  thus  have  Ironi  12-33  feet  of  water 
at  mean  low-water,  or  from  21-42  fi^et  at  high-water.  It  is  estimated  that  about  one 
linndred  coasting  and  fishing  vessels  could  anchor  up  iu  the  harbor  without  danger  of 
fouling. 

The  details  of  the  construction  of  the  breakwater  are  illustrated  on  the  map  by  Figs. 
1  and  2,  representing  respectively  a  cross-section  through  the  breakwater  at  the  great- 
est water  depth,  and  a  length  profile  through  the  axis  of  the  breakwater. 

The  main  body  of  the  breakwater  is  proposed  to  be  built  of  riprap  work  up  to 
ref.  10,  or  1  foot  above  mean  high-water,  having  a  width  at  the  top  of  22  feet,  an 
inner  slope  of  1:1,  and  an  outer  slope  of  1:2.  On  top  of  the  riprap  work  a  stone  wall 
10  feet  high  rurries  the  top  of  the  breakwater  up  to  ref.  20,  or  11  feet  above  mean 
high-water.  This  stone  wall  is  to  be  built  of  dimension-stone,  laid  in  three  courses  of 
headers  and  stretchers,  with  a  concrete  backing  and  a  course  of  heavy  coping-stone  12 
feet  wide. 

The  location  of  the  axis  of  the  breakwater,  or  the  middle  of  the  coping,  might  be 
described  as  follows :  starting  from  the  shore  iu  a  direction  W.  26^  20'  N.  (true  bearing) 
wifii  a  straight  line  through  the  iron  bolt  K,  ou  Lower  Plum  Cove  Rocks,  for  a  dis- 
tance of  879  feet;  thence  tangent  to  this  an  arc  of  a  circle  with  radius  IfiiH)  feet  for 
a  distance  of  725  feet,  subtending  an  angle  of  41^  31' ;  thence  tangent  to  this  arc  iu  a 
straight  line  running  iu  a  direction  W.  15°  11'  S.,  for  a  distance  of  220  feet.  This 
|)oint  would  be  the  center  of  an  octaj^onal  stone  pier  34  feet  iu  diameter,  to  serve  as  a 
foundation  for  a  light-house. 

The  total  length  of  the  breakwater  on  top  would  thus  be  1,841  feet ;  the  total  length 
on  the  bottom  measured  to  the  foot  of  the  slope  1,918  feet.  For  640  feet  of  this  dis- 
tance the  breakwater  would  rest  on  solid  ledge,  and  for  1,278  feet  ou  solid olay  bottom. 

The  estimated  cost  of  this  breakwater  would  be  as  follows  : 

1.  Riprap  work,  140,340  cubic  yards,  at  $3 j^421,020 

2.  Dimension-stone  work,  5,550  cubic  yards,  at  $20 Ill,  000 

3.  Concrete,  5.081  cubic  yards,  at  1 10 ' 50,810 

582,830 
Contingencies,  say 57,170 

Total  cost  of  breakwater  oyer  Lower  Plum  Cove  Rocks 640, 000 

The  greatest  facilities  for  building  a  breakwater  of  the  above  description  at  the 
least  cost  exist  here ;  the  whole  shore  being  solid  granite  ledge,  a  quarry  can  be  opened 
anywhere  in  the  immediate  vicinity  of  the  breakwater ;  stone  of  any  desired  dimensions 
quarried  and  carried  on  a  railway-track  to  the  eud  of  the  breakwater  in  process  of 
construction. 

An  estimate  has  also  been  made  for  the  construction  of  a  breakwater  starting  at  a 
point  1,580  feet  farther  to  the  north  of  the  above-described,  running  over  the  Upper 
Plum  Cove  Rocks,  curving  toward  Davis  Neck,  and  terminating  in  the  same  point  as 
the  first-described. 

The  entrance  would  in  this  latter  cai^e  bo  the  same  as  in  the  first,  but  the  inclosed 
area  would  be  considerably  enlarged,  viz : 

Area  iu  the  high- water  level  would  contain 125  acres. 

Area  iu  the  low- water  level  would  contain 104  acres. 

Area  in  the  6-foot  curve  would  contain 90  acres. 

Area  in  the  12-foot  curve  would  contain 76  acres. 

Area  in  the  18-foot  curve  would  contain 61  acres. 

It  ninst  be  remarked  that  in  this  case  the  Lower  Plum  Cove  Rocks  would  be  a 
danger  in  the  haibor,  and  that  the  additional  valuable  anchorage-ground  would  only 
be  31  acres,  thus  hardly  doubling  the  capacity  of  the  first-described  harbor,  t.  e.,  with 
a  breakwater  located  over  Lower  Plum  Cove  Rocks. 

The  cost  of  this  larger  breakwater,  having  the  same  cross-section  as  above  described 
but  a  length  op  top  of  3,070  feet,  and  a  length  on  the  bottom  of  3,147  feet  would  be : 
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1.  Riprap  work,  254,031  cubic  yards,  at  $3 $762,093 

2.  Dimension-stone  work,  9,268  cubic  yards,  at  $20 185, 360 

3.  Concrete,  8, 197  cubic  yards,  at  $10 81, 970 

1,029,423 
Contingencies,  say ^ 100,577 

Total  cost  of  a  breakwater  over  Upper  Plum  Cove  Rocks 1, 130, 000 

It  is  a  question  whether  the  advantages  to  be  gained  by  building  the  breakwater 
over  Upper  Plum  Cove  Rocks,  namely,  au  increase  of  the  capacity  of  the  inclosed  harbor, 
would  warrant  the  increased  cost  of  half  a  million  dollars.  The  strongest  argument 
in  favor  of  the  first  project,  (viz,  a  breakwater  over  the  Lower  Plum  Cove  Rocks,)  is- 
the  fact  that  in  this  case  the  Upper  Plum  Cove  Rocks  would  naturally  be  au  auxiliary 
breakwater,  taking  the  first  shock  of  the  heavy  northeast  rollers,  whereas  a  break- 
water over  the  Upper  Plum  Cove  Rocks  would  have  to  stand  the  direct  blow  of  the 
heavy  northeast  seas. 

.    Very  respectfully,  your  obedient  servant, 

Sopiiufi  Haagexsek, 

Assistant  JCngineer. 
Bvt.  Brig.  Gen.  Geo.  Tiiom, 

Lieut,  Col.  of  Enginea'8, 


Y25. 

SURVEY  OF  PLYMOUTH  HARBOR,  MASSACHUSETTS. 

United  States  Engineer  Office, 

Portland^  Maine^  February  14, 1874. 

General  :  I  have  the  honor  to  submit  herewith  a  report  and  map  on 
the  survey  of  Plymouth  Harbor,  Massachusetts,  made  under  my  in- 
structions by  Mr.  Sophns  Haagensen,  assistant  engineer,  as  directed  by 
Department  letter  of  December  12,  1873,  in  compliance  with  a  resolu- 
tion of  the  House  of  Representatives,  dated  December  10,  1873,  by 
which  the  Secretary  of  War  was  requested  to  cause  an  examination  or 
survey  to  be  made  of  that  harbor,  "  with  a  view  to  dredging  and  im- 
proving the  same,  so  as  to  afford  greater  protection  and  facilities  to 
commerce,"  and  "  to  report  upon  the  feasibility  of  making  such  im- 
provement, and  the  probable  cost  thereof." 

The  improvement  of  this  harbor  has  hitherto  consisted  in  the  protec- 
tion and  preservation,  by  means  of  bulkheads  and  jetties  and  otherwise, 
of  Long  Beach,  which  alone  forms  the  harbor,  as  shown  on  the  accom- 
panying drawing.  For  this  work  small  appropriations  have  been  made 
by  Congress,  from  year  to  year,  with  most  successful  results ;  for  the 
continuance  of  which  an  appropriation  of  $5,000  has  been  asked  for  the 
fiscal  year  ending  June  30,  1875. 

To  improve  the  harbor  itself  by  dredging,  as  now  proposed,  would  re- 
quire the  extension  of  the  present  main  channel  from  a  point  one  mile 
above  "  The  Beacon,''  where  it  deflects  abruptly  to  the  westward,  up  to 
the  outer  end  of  Long  Wharf,  so  as  to  have  a  depth  of  not  less  than  six 
feet  at  mean  low-water,  or  10  feet  at  mean  high-water. 

To  make  this  portion  of  the  harbor  practicable  for  "  beating  up  ^  with 
sailing-vessels  would  require  a  width  of  not  less  than  500  feet,  which 
would  necessitate  the  excavation  of  about  80,000  cubic  yards  of  hard 
sand  on  the  '*  Middle  Ground"  and  *'  Splitting-Knife"  Bars,  which  ob- 
construct  the  present  channel,  and  about  320,0(K)  cubic  yards  of  mud  and 
clay  between  the  "  Middle  Ground  "  and  **  Long  Wharf,"  at  a  probable 
cost  of  not  less  than  $176,000,  and  with  a  likelihood  that  the  improve- 
ment would  be  but  temporary,  as  the  same  causes  which  have  already 
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produced  the  existing  shoals  would,  it  is  more  than  probable,  reproduce 
them. 

Should  it  be  decided  to  improve  this  harbor  by  dredging,  it  is  recom- 
oiended  that  it  should  be  applied  to  the  opening  of  a  channel  100  feet 
in  width  and  6  feet  in  depth  at  mean  low-water,  from  the  end  of  Long 
Wharf  outward  in  continuation  of  the  present  main  channel,  above  the 
^'  Middle  Ground,''  as  shown  on  the  accompanying  drawing.  A  channel 
of  this  width  would  enable  vessels  to  be  towed  up  to  the  vicinity  of  the 
wharves  of  the  town,  and  would  probably  be  kept  open  by  the  scour  of 
the  ebb-tide  deflected  into  it  from  '*  Town  Brook." 

The  probable  cost  of  this  channel  is  as  follows,  viz  : 

64,000  cubic  j'ards  of  dredging,  at  40  cents  per  cubic  yard $25, 600 

Adding  for  contingencies,  say 2, 400 

Total ;: 24,000 

Further  details  and  information  in  regard  to  this  harbor,  as  obtained 
by  survey,  will  be  found  in  the  accompanying  map  and  report. 

The  extent  to  which  the  commerce  of  the  country  would  be  promoted 
by  the  improvement  of  this  harbor,  as  above  projected,  is  stated  in  the 
accompanying  communication  of  the  collector  of  customs  of  the  port  of 
Plymouth. 
BespectfuUy  submitted. 

Geo.  TnoM, 
Lieut  Col.  of  EngineirSj  Bvt  Brig.  Oen.j  U.  8.  A. 
Brig.  Gen.  A.  A.  Humphreys, 
Chief  of  Engineers^  U.S.A. 


Report  of  Mr.  Sophu9  Haagensen^  Awislant  Engineer. 

UxiTKD  Statks  Exoinkkk  Office, 

Portland,  Me.,  February  14, 1874. 

Gknkral  :  In  piirHuance  of  your  instnictions  of  January  10, 1  proceeded  to  Plymouth^ 
Mass.,  on  January  12,  and  made  an  examination  of  the  harbor,  >Yith  a  view  to  im- 
proving the  same  by  dredging.  I  have  the  honor  to  submit  the  following  report  upou 
this  examination,  as  well  as  a  drawing  of  the  harbor  on  a  scale  of  1:10,000 : 

The  part  of  the  harbor  embracing  the  main  channel,  and  the  approaches  to  the  wharves 
in  the  town  of  Plymouth,  was  surveyed^  and  the  characteristic  soundings  platted  on 
the  accompanying  map.  The  northern  part  of  Plymouth  Beach  is  taken  from  the  sur- 
vey made  in  lrt72,  in  connection  with  the  improvement  of  Plvmonth  Beach ;  the  rest 
of  the  map  is  taken  from  United  States  Coast-Survey  charts  of  1854  to  1857. 

The  plane  of  reference,  to  which  the  soundings  are  reduced,  is  the  mean  low-water, 
as  deterniined  from  previous  surveys,  the  bench-mark  of  which  is  a  spike  in  a  wharf- 
pile  at  the  end  of  Long  Wharf.  Said  spike  is  in  ref.  7.56 above  mean  low-water.  Level- 
iiigs  were  made  frrim  this  id  the  floor  of  the  monument  over  Plymouth  Rock,  (sill  be- 
tween columns,)  which  is  a  permanent  bench  in  ref.  17.24  feet  above  the  plane  of 
reference.    The  mean  rise  ^d  fall  of  tide  is  10.1  feet. 

Vessels  entering  Plymouth  Harbor  from  the  "main  ship-channel,''  and  the  "Cow 
Yard,"  have  a  continuous  12-foot  channel  at  low-water,  of  a  width  not  less  than  150 
feet  to  within  a  distance  of  half  a  mile  from  the  wharves  in  Plyn^onth.  It  runs 
close  to  the  low-water  line  of  Plymouth  Beach  to  a  point  a  mile  distant  from  Plymouth 
Beacon,  where  it  turns  and  runs  for  half  a  mile  in  a  direction  perpendicular  to  the 
beach ;  thence  it  runs  parallel  to  the  wharves  in  the  town,  distant  about  half  a  mile 
from  the  same.  Butween  the  channel  and  the  wharves  are  flats  more  or  less  dry  at 
low- water. 

Of  the  numerous  drains  or  gullies  in  tliese  flats,  the  "  Town  Brook"  is  the  most  im- 
portant, making  from  one  to  two  feet  depression  in  the  flats  in  front  of  the  wharves  in 
Plymouth. 

The  depth  along  the  mid-line  of  the  channel  varies  greatly.  For  the  first  half  mile 
from  the  "Cow  Yard"  it  does  not  average- more  than  Iri  feet  at  low-water.  Here  are 
the  so-called  *^  tussocks" — small  hilU  or  bunches  of  sand  scatt-ered  over  the  bottom. 
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The  Bhoalest  soundiDg  found  in  them  was  9^^  feet  at  mean  low-water.  As  soon  as  the 
point  of  Plymouth  Beach  is  passed  the  channel,  sheltered  by  the  bold  shore  of  the 
beach,  deepens,  so  that  a  continuous  18-foot  channel,  (in  places  as  deep  as  29  feet,)  at 
mean  low- water,  can  be  followed  as  far  as  to  the  '*  Middle  Gronnd/'  This  shoal  divides 
the  main  channel  in  two  narrower  channels.  The  northernmost  of  these  is  the  best, 
being  at  least  150  feet  Avide  between  the  12-foot  curves,  and  having  from  1.5  to  31  feet, 
soundings  along  its  mid-line.  The  channel  south  of  the  "  Middle  Ground"  has  only 
half  the  width  of  the  former,  and  has  6  feet  less  water  in  it. 

The  width  of  the  "  main  channel  at  low-water  is  not  large  enough  for  a  beating- 
channel,  and  no  reasonable  amount  of  dredging  i^onld  make  it  a  beating-channel  at 
low-tide. 

To  improve  the  channel,  so  that  vessels  drawing  16  feet  could  beat  up  its  whole 
length  at  high-water,  would  require  the  removal  of  two  shoals,  viz,  "  Splitting  Knife^'' 
and  *'  Middle  Ground,"  to  a  depth  6  feet  below  mean  low-water.  Both  these  shoals 
are  banks  formed  of  hard  white  sand,  and  the  above-named  improvement  would  require 
at  least  80,000  cubic  yards  of  dredging,  at  a  cost  of  not  less  than  $40,000.  To  make 
this  work  of  any  value  to  navigation  would,  moreover,  necessitate  the  continuation 
of  a  channel  of  the  same  width  (r>00  feet  between  the  6-foot  curves)  through  the  flats, 
up  to  the  town  wharves,  a  work  which  would  require  the  additional  removal  of  320,000 
cubic  yards  of  mud  and  clay.  It  is  not  probable  that  such  a  channel  would  be  per- 
manent. The  shoals  would  very  likely  form  again,  especially  the  "  Middle  Ground,'' 
of  which  the  greatest  part  would  be  left  undisturbed  below  the  6-foot  plane,  and  there 
would  not  be  sufficient  sconring-power  to  keep  an  artificial  channel  of  500  feet  width 
through  the  flats  open.  A  good  beating-channel  from  the  '^  Cow  Yard"  to  the  wharves 
in  Plymouth  would  thus  involve  an  expense  of  not  less  than  |176,000,  without  any 
likelihood  of  permanency;  whereas  a  good  towiug-channel  could  be  made  for  vessels 
of  the  same  class  at  a  comparatively  small  expense,  and  with  greater  promise  of  per- 
manency. 

To  obtain  a  good  towing-channel  for  vessels  drawing  16  feet  from  the  "  Cow  Yard'' 
up  to  the  wharves  in  Plymouth,  no  improvement  is  needed  in  the  natural  channel  up 
to  within  2,400  feet  of  the  wharves ;  from  here  a  channel  would  have  to  be  excavated 
through  the  flats  to  a  depth  of  6  feet  below  mean  low-water— that  is,  16.1  feet  below 
mean  nigh-water.  This  channel  would  connect  the  depression  in  front  of  the  town 
wharves  with  the  natural  channel,  and  it  is  throngh  that  the  scour  of  the  "  Town 
Brook''  would  be  sufficient  to  keep  a  channel  of  100  leet  width  open. 

Borings  were  made  along  the  line  of  this  proposed  channel,  showing  that  the 
material  to  be  excavated  is  soft  clay.  Below  the  6-foot  plane  the  bottom  is  harder  and 
gravelly. 

The  amount  of  material  to  be  excavated  to  obtain  a  channel  through  the  flats  of  a 
width  of  100  feet,  and  a  depth  of  6  feet  at  mean  low-water,  (16.1  feet  at  mean  high- 
water,)  is  estimated  at  50,700  cubic  yards  in  »i/m,  or  with  an  increase  of  25  per  cent, 
by  loosening,  at  64,000  cubic  yards  measured  in  the  scows.  The  cost  of  removal  and 
dumping  the  same  (the  nearest  dumping-place  is  the  **  Cow  Yard,"  two  miles  from  the 
place  of  dredging)  is  estimated  at  40  cents  per  cubic  yard,  as  measured  in  the  scows. 

64,000  cubic  yards  of  excavation,  at  40  cents $25,600 

Contingencies,  say 2, 4(K> 

Cost  of  improvement 28, 000 

Very  respectfully,  your  obedient  servant, 

SdPHUS  HaAGENSEN, 

Assistant  Engineer, 
Bvt.  Brig.  Gen.  Geo.  Tiiom, 

Lieut.  Coh  of  Engineers.  • 


Connnercial  statistics, 

CusTOM-HousE,  Plymouth,  Mass., 

Collector's  Office,  February  12,  1874. 
Sir  :  Your  letter  of  January  30  is  received,  and  in  answer  I  beg  leave  to  say  that 
during  the  last  year  the  amount  of  duties  paid  in  Plymouth  was  $27,571.  The  number 
of  vessels  belonging  to  the  port,  and  documented  here,  is  58,  amounting  to  3,154fo^ir 
tons.  A  large  proportion  of  tnese  vessels  are  engaged  in  the  fisheries,  the  pnxluct  of 
which  in  1873  was  about  ^180,000.  A  few  are  engaged  in  the  coasting-trade,  carrying 
coal,  iron,  and  assorted  cargoes  of  furniture,  hollow  ware,  plaster,  sugar,  molasses,  and 
fish,  to  and  from  Plymouth.  The  total  coasting-trade  of  the  port  during  last  year  com- 
prised 59  cargoes  of  coal,  amounting  to  12,000  tons;  18  cargoes  of  iron,  amounting  to 
2,321  tons;  31  cargoes  of  lumber,  amoui  "  "  -    .     ~ 


,  amounting  to  3,100,000  feet;  3  cargoes  of  gypsum. 
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molding-satid,  and  stone;  two  cargoes  of  corn,  amounting  to  8,000  bnahels;  18  cargoes 
of  salt,  amounting  to  2:i,000  bushels. 

Besides  these  there  are  sundry  cargoes  of  wood,  ashes,  and  other  articles  difTicult  to 
enumerate. 

The  great  difficulty  of  entering  the  harbor  and  reaching  the  wharves  necessitates  the 
more  expensive  importation  of  lumber.  Iron,  and  corn  by  rail,  the  amount  of  the  latter 
article  reaching  about  60,000  bushels  the  past  year.  It  is  ditiioult  to  estimate  the 
advantage  which  would  be  derived  from  a  channel  6  feet  deep  to  the  wharves  at  low- 
tide,  but  it  is  clear  to  all  persons  of  any  experience  in  navigation  here  that  many 
obstacles  would  thus  be  removed  w^ich  cause  delay  and  expense  in  receiving  and  dis- 
charging cargoes,  and  that  new  inducements  would  exist  for  a  large  increase  of  our 
commerce.  Plymouth  is  already  a  place  of  considerable  importance  as  a  manufacturing 
town,  its  products  reaching  the  sum  of  |3,000;000  per  annum ;  its  water-power  and  gen- 
eral facilities  for  a  large  increase  of  business  promise  the  best  results  from  the  improve- 
ment of  the  harbor  which  is  now  contemplated. 

I  trust,  sir,  that  the  enterprise  will  not  end  with  a  mere  survey,  but  that  it  may  be 
carried  on  to  a  successful  and  speedy  completion. 
I  am,  with  respect,  your  obedient  servant, 

Thomas  Loiiing, 

Collector. 

Gkorge  Thom, 

Lieui,  Coh  of  Engineers,  BvL  Brig,  Gen.,  U,  8.  A, 


APPENDIX  Z. 

ANNUAL  EEPORT  OF  MAJOR  N.  MICHLER,  CORPS  OF  EN- 
GINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30,  1874. 

United  States  Engineer  Office. 

Portland^  Oregon^  July  24,  187A. 

Sir  :  I  have  the  bonor  to  submit  herewith  my  annual  reports  upon 
works  of  river  and  harbor  improvements,  and  of  surveys  and  examina- 
tions under  my  charge,  for  the  fiscal  year  ending  June  30, 1874. 

la  obedience  to  Special  Orders,  No.  179,  War  Department,  Adjutant- 
General's  Office,  Washington,  September  8, 1873, 1  relieved  Major  H.  M. 
Robert,  October  22, 1873,  of  all  his  duties,  including  that  of  Light-House 
Engineer  of  the  Thirteenth  Light-House  District. 
Very  respectfully,  your  obedient  servant, 

N.  Michler, 


Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  S*  A, 


Major  of  Engineers y  U.  S,  A, 


Z   J. 


IMPROVEMENT  OF  THE  LOWER  WILLAMETTE  AND  COLUMBIA  RIVERS 
FROM  PORTLAND,  OREGON,  TO  THE  SEA. 

LOWER  WILLAMETTE  RIVER,  OREGON. 

The  following  improvements  were  projected  and  executed  during  the 
fiscal  year. 

Mouth  of  Willamette  Bar, 

The  building  of  the  United  States  dredger  was  not  completed  and  in 
readiness  for  action  until  the  end  of  August,  1873.    The  delay  was 
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caused  by  the  great  conflagration  in  Portland  during  that  month.  On 
the  1st  of  September  the  dredger,  dump-scows,  and  wood-scow  were 
towed  to  the  mouth  of  the  river  by  the  steam-tug  Ben  Holliday,  and  the 
operation  of  dredging  the  bar  commenced.  Four  cuts,  each  30  feet  in 
width,  were  made  to  the  depth  of  17  feet,  opening  a  channel- way  of  1,800 
feet  in  length  by  120  feet  in  width.  The  quantity  of  sand  and  mud  re- 
moved amounted  to  8,550  cubic  yards.  The  work  at  this  point  was 
completed  by  the  19th  of  November. 

Post-Office  Bar. 

The  dredger  was  moved  up  to  this  locality  from  the  mouth  of  the  river, 
a  distance  of  four  miles,  and  soon  after  began  to  operate.  The  latter 
work  was  suspended  December  11,  in  consequence  of  the  great  inclem- 
ency of  the  weather,  ice  forming  to  such  an  extent  as  to  make  it  neces- 
sary. It  was  resumed  in  the  following  season  on  the  11th  of  March, 
and  the  cut  was  finished  by  the  31st  of  the  same  month.  Bed  and  black 
buoys,  constructed  for  the  purpose,  were  placed  in  position.  The  bench- 
marks were  renewed.  The  total  length  of  cut  through  this  bar  is  1,552 
feet,  with  a  width  of  30.  The  total  number  of  cubic  yards  removed  is 
5,100. 

Pei^cy*s  Slough. 

The  special  report  of  the  proposed  improvement  at  this  slough,  dated 
February  28, 1874,  is  herewith  appended  as  part  of  this  report.  The 
appropriation  asked,  for  the  fiscal  year  ending  June  30, 1876,  will  be 
expended  in  keeping  open  the  channel  of  the  Lower  Willamette  and  in 
the  necessary  repairs  to  works.  A  survey  will  also  be  made  of  Wil- 
lamette Slough,  connecting  the  Willamette  at  Qost-Ofiice  Bar  with  the 
Columbia  at  St.  Helen's. 


Special  report  of  proposed  improvenumt 

UNrTKD  States  Enginkkr  Office, 

Portland^  Oregon^  February  28, 1874. 
General:  By  yonr  direction  a  communicatioD  from  Major  Robert,  United  States 
Engineers,  of  November  6, 1873,  in  regard  to  the  improvement  of  the  bar  at  the  month 
of  the  Willamette  River  by  the  closing  of  Percy's  Slough,  near  the  mouth  of  the  river, 
was  referred  to  me  for  revision  of  the  plan  of  improvement  therein  sus^estod  and  for 
further  information.  After  a  careful  study  of  the  reasons  assigned  by  him  for  the  pro- 
posed plan  of  improvement,  and  upon  a  thorough  personal  examination  of  the  locality 
m  question,  the  following  report  is  respectfully  submitted  for  your  information.  The 
project  in  itself  is  very  reasonable  and  perfectly  practicable,  but  as  to  the  location  of 
the  proposed  dam  for  closing  the  slough,  it  appears  not  to  be  the  proper  one,  for  sev- 
eral reasons  which  will  be  enumerated.  The  inclosed  tracing  of  the  map  of  the  junc- 
tion of  the  Willamette  with  the  Columbia,  showing  also  the  connection  between  the 
two  rivers  through  Percy's  Slough,  will  fully  exhibit  their  relative  positions.  In  this 
proposed  improvement  it  must  be  borne  in  mind  that  the  extreme  stages  or  freshets  in 
each  of  the  two  rivera  occur  at  entirely  different  seasons  of  the  year,  the  interval  be- 
tween the  two  extremes  of  water  being  from  four  to  five  months.  The  last  examination 
made  by  myself  was  on  the  12th  of  this  month,  (February,)  at  about  the  average  stage 
of  usual  high- water  in  the  Willamette,  and  the  tug-boat  aboard  which  the  inspection 
was  made  was  unable  to  ascend  the  slough  to  what  may  be  termed  its  head,  as  indi- 
cated by  the  line  C  D  on  the  sketch.  Above  that  line  was  an  extensive  bed  of  gravel 
and  sand,  through  which  the  water  could  only  percolate,  if  pass  at  all.  Immediately 
below  it  was  a  deep  pocket  or  basin,  the  soundings  showing  a  depth  of  water  averag- 
ing from  7  to  21  feet.  This  gravel-bar  alone,  without  any  additional  aid,  contains  ma- 
terial enough,  when  set  in  motion  by  a  strong  current,  during  one  of  the  freshets  of 
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the  Cohuubia,  to  be  able  to  more  tban  fill  the  channel  at  the  mouth  of  the  Willamette, 
when  carried  into  it,  held  there,  and  deposited  by  the  opposing  currents  of  the  waters 
of  the  two  rivers.  As  reported,  some  8,000  cnV)ic  yards  of  material  accumulate  during 
the  freshet  of  each  year,  forming  the  bar  at  the  mouth,  and  which  must  be  annually 
removed  by  dredging,  at  an  expense  of  $4,000,  in  order  to  obtain  sufficient  depth  of 
water  to  enable  sea-going  vessels  to  ascend  to  Portland. 

Your  attention,  general,  is  called  to  the  amount  of  shipments  of  wheat  and  flour 
alone,  .and  the  tonnage  of  vessels,  foreign  and  home  bottoms,  to  the  annexed  state- 
ment from  July,  1H70,  up  to  and  including  January,  1874,  as  compiled  by  Mr.  Bernard 
Xatoop,  of  the  firm  of  Roger,  Meyer  &  Co.,  at  my  request,  and  to  whom  my  thanks 
are  justly  due  for  the  pains  and  accuracy  with  which  it  has  been  done.  While,  ac- 
cording to  these  figures,  each  yearly  expenditure  is  more  than  justified,  still  more  rea- 
sonable would  it  he  to  apply  a  few  thousand  dollars  at  once  for  perfecting  what  may 
prove  to  be  a  permanent  improvement ;  the  first-cost  of  any  such  work  will  be  saved 
in  the  course  of  a  year  or  two  from  the  amount  now  reqaired  annually  to  be  expended 
upon  keeping  a  sufficient  depth  of  water  upon  the  bar  by  dredging.  The  bar  at  the 
month  of  the  Willamette  will  not  only  be  improved,  but  a  good  and  lasting  effect  will 
be  had  npon  what  is  called  Post-Office  Bar  in  the  same  river ;  the  locality  is  about  four 
mile«  above  that  at  the  mouth,  and  its  formation  is  from  similar  causes.  At  a  high 
stage  of  the  Columbia  River  its  waters  are  forced  up  the  Willamette  to  a  short  dis- 
tance above  that  bai*,  the  counter-currents  meeting  at  that  point,  and  are  then  dis- 
chargjed  back  into  their  original  bed  through  what  is  termed  the  Willamette  Slough, 
entering  again  at  St.  Helen's,  eighteen  miles  below.  A  survey  of  the  slough  is  also 
recommended  with  reference  to  straightening  it  and  removing  some  ledges  of  dan- 
gerous rocks  and  snags.  A  survey  of  it  will  be  made  during  the  summer,  if  authorized. 
Frequently,  when  the  mouth  of  the  Willamette  is  blocked  with  ice,  the  slough  can  be 
made  available. 

The  plan  proposed  for  damming  Percy^s  Slough  is  simply  to  drive  a  line  of  piles  of 
large  dimensions  across  it,  to  cap  them  by  heavy  timber,  and  to  strongly  brace  them 
from  below ;  also  to  cut  and  throw  in,  above  the  row  of  piles,  cuttings  from  the  willow- 
trees,  which  can  be  had  on  the  spot ;  these  will  sprout  up  and  grow,  thereby  forming, 
in  time,  a  strong  obstacle  in  themselves  to  the  current  of  the  Oolnmbia.  The  estimated 
cost  of  the  entire  work  will  be  ^,210.26.  The  location  of  the  dam,  as  selected  by  Major 
Robert,  is  represented  by  the  lines  A  B  ;  its  length  is  about  300  yards.  The  ends  of  the 
dam  at  this  point  terminate  on  both  sides  of  the  slough  in  low  banks,  and,  in  conse- 
iiuence,  a  strong  curretit  may,  during  the  high- waters  of  the  Columbia,  wash  them 
away  and  form  new  chanuHls.  The  location  of  the  dam  which  in  my  judgment  is  the 
best  is  the  one  represt*i>t«d  by  the  line  C  D ;  length,  about  300  yards.  In  this  position 
both  ends  of  the  dam  wuuld  abut  against  high  blu'ft*  banks  on  either  side  of  the  slough, 
the  most  elevated  j)ortioiis  of  the  two  islands,  (Percy's  and  Bybee's.)  Both  these  islands 
would  have  to  be  flooded  entirely  before  the  water  could  pass  over  the  dam ;  an  event 
which  is  not  likely  to  take  place,  no  incident  of  the  kind  being  on  record.  A  dam 
built  along  C  D  would  not  interfere  with  the  boat-landing  now  used  by  the  planters  in 
the  neighborhood,  being,  as  before  stated,  really  at  the  head  of  the  slough. 
The  following  is  the  estimated  cost  of  building  the  x^ile-dam  : 

Length,  857  feet ;  diameter  of  piles,  15  inches. 

0^6  piles,  15  feet  long=  10,290  linear  feet,  at  6  cents S{)17  40 

Driving  6jS(5  piles,  at  i^2 1,:372  00 

bo7  feet  capping,  12  by  12  inches,  at  12  cents 102  ri4 

Sawing  oti'  top  of  piles  and  fostening  caps,  at  ^l  each 8.'>7  00 

12,348  pounds  strap-iron  and  spikes,  at  14  cents 1, 728  72 

H6  piles  for  bracing,  20  feet  long ^=  1,720  linear  feet,  at  6  cents 103  20 

Driving  and  fastening  86  piles,  at  .^ 430  00 

Total 5,211  1(5 

Very  respectfully,  your  obedient  servant, 

N.   MiCHLER, 

Major  of  I'^vgimerfi,  C.  S.  A. 
Biig.  Gen.  A.  A.  Humphreys, 

Chief  of /engineers  J  U.S.  A, 

23  ENO 
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Statement  of  exports  direct  to  Europe  from  Portland,  Oreg,,  from  Juli/j  1870,  up  to  and 

including  January ^  1874. 


Month. 


July 

St^ptember . 

October 

November  . 
December.. 
December.. 


Tot«il  tons  . 


January  ... 
Fobniary  . . 
March  /.... 

April 

May 

June 

September. 

October 

October 

October 

November . 


Total  toDB . 


Name  of  vessel. 


|Toiiiiajie  of  2,t>40 
I  iK>tii)dH  per  tou. 


Hemi  Doctor . . 

Alpha  

Choverd 

Fordeuskfuld  . . 

Lyra 

Mont*v  Castle  . 


503 
6()0 

an 

1.233 


Gungner 

Kosedale 

Tenuax  Propo*»eta  . 
Prince  of  Wales  . . . 

Envoy 

Panama 

Skiddaw 

Dorenby 

Niobo. 


Bristolian 

Alice  Graham. 


4.379 


61»3 

610 

604 

637 

78i» 

1.075 

1.046 

1,2^1 

1,000 

1,000 

660 


9,338 


!Month. 


Name  of  vessel. 


Jannary i  Barraooute 

Do : I  Harrington  .... 

Febrnary Metis , 

March Chetah 

Do Coldstream 

A pril j  Spai  kliug  Dew. 

July I  A.M.  Small... 

October j  Electra 

Do j  Navigator 

Do Manilla 

Do I  Loch  Dee 

November '  Siam , 

Do I  Zouave 

Do I  Ded  Deer 

Do I  Grasmere , 

December Namorth 

Do Channel  Light . . 


Total. 


1873. 

Jannary , 

Do ; 

Do ! 

February  

Do 

Do..^ 

Do 1 

Do 

Do 

March ' 

Do ' 

Do 

April ; 

July 

August I 

Do , 

Do I 

September 

Do i 

Do j 

October ^^.\ 

Do I 

Do 1 

Do 

Do 

November 

Do 


Victoria  Nyanza  . . . 

Whittingtonv 

Mendelssohn 

Barracoute 

Roswell  Sprague 

(Caribou 

Sarah  Scott 

llione 

Victoria  Cross 

Penang  

Nort  humbria 

Gemini 

Tumaya 

Uerinene 

Confidence 

Middlesex 

Lieut.  Maury 

Otngo 

Privateer 

Windermere , 

Wetterhorn 

Theresa  B<>hn 

Romeo 

Spirit  of  the  Dawn. 

Klechord 

Vrnra 

Lord  of  the  Lnh's . . . 


Total  cargo,  |    Lightered,    '  t»^«„„i.4  ^* 

(tons  of  2,240  ,  (tons  of  2,000   ^™"iSl\*  ^^ 

pounds.)  pounds.)  v«^«»ei. 


908 

17 

fc<l5 

200 

18 

870 

100 

17i 

eai 

150 

18 

VJO 

150 

18 

4.'>7 

150 

15 

1,350 

300 

IHJ 

748 

200 

17 

TM 

200 

17 

745 

200 

17 

1,070 

240 

17 

951 

306 

Ife' 

1,530 

1,000 

21 

9K3 

306 

18 

1.  16H  ' 

600 

20 

!>:IS 

lOu 

16J 

810 

220 

18 

15,215  1 

4,122 

1,433 

7.50 

m 

1,300 

600 

19 

1. 204 

509 

ao 

917 

17 

1, 22-2 

418 

20 

1,0S2 

243 

18 

830 

lij 

1,000 

350 

19 

951 

150 

18 

764 

17 

H44 

17J 

648 

16 

790 

15» 

782 

1,  052 

3(W 

19 

1,  4.-)4 

662 

21  i 

546 

76 

n 

1,322 

718 

2I» 

1.  2.-.1 

<i20 

20 

1,  0.-)0 

466 

19 

951 

346 

1^ 

620 

136 

17 

937 

2.30 

17 

1,014 

*-5 

18 

970 

300 

Hi 

541 

it* 

936 

190 
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Month. 

Xatue  of  vessel. 

Total  carpo, 

(tons  of  2,240 

pounds.) 

793 
1,  H02 

730 
1.  036- 
1.311 

792 
1.  280 

994 

612 

539 
1, 205 

721 

LiphtPi-ed. 

(tons  of  2,000 

pounds.) 

Draught  of 
veMScl. 

1873. 
^ovenibor       ...... 

GuDirer 

Eskilule 

Santa  Hosa 

225 

1. 10.5 
20(» 
3.50 
708 
200 
800 
449 

Feet 
18 

Do 

??* 

Bo 

Do 

Fifeshire 

18 

Do  

CMtv  of  Paria 

19 

Do 

Eloctra  

17i 
«) 
IH 
17 

Det*ftinl)©r 

Cutwater 

Do 

AllOQ 

Do 

Prof.  Airy 

Do 

Powhattan 

."  "sio 

16 

Do 

DiBcow  : 

1?* 

Do 

Sidlaw 

Total 

38,256 

11,756 

I 

RECAPITULATION. 


Year. 


I* 


1R70 

1871 

In72 

1873 

1874 

Total 


87 


Cargo  in  tons 
of  2.240  lb«., 
(wheat  and 
flour  ofil}'.) 


4,379 

9,328 

15.215 

38, 256 

11,120 


78,298 


Lighterage. 

(touB  of  2.000 

pounds.) 


4.122 
11,756 


Cost  of 
lighU^rage, 
(gold  coin.) 


$6,000 
17,500 


15,878  I 


2.i,  5J00 


Remarks. 


January. 


ShipmentA  by  coasters  and  steamers  at  25,000  tons  per  annum. 

LOWER  COLUMBIA   BIVEE,   OREGON. 

The  operations  for  the  fiscal  year  were  confined  to  the  examination 
and  survey  of  that  portion  of  the  river  known  as  the  Hogback,  lying 
between  Tongue's  Point  and  Woody  Island;  the  observations  of  the 
direction  and  force  of  the  currents;  also  to  determine  upon  the  most 
eligible  plan  for  dredging  a  channel.  These  several  works  were  placed 
under  the  charge  of  Assistant  Engineer  R.  B.  Kandall,  who  performed 
the  duties  under  my  instructions.  The  dredging  and  buoying  of  the 
selected  channel  were  prosecuted  with  the  United  States  dredger,  Mr. 
1>.  E.  Buchanan  in  charge.  A  steam-tug  of  sufficient  power  was  also 
employed  as  a  tender  to  the  dredger,  and  several  scows  employed  in 
the  work.  A  map  of  the  survey  was  made,  which  delineates,  as  com- 
pletely as  possible,  the  intricacies  of  the  several  channels  and  the  posi- 
tions of  the  many  shifting  sand  islands;  also  a  map  showing  the  locality 
and  course  of  the  channel  finally  determined  upon  and  dredged  out; 
and  a  map  showing  the  direction  and  force  of  the  currents.  These  are 
all  appended  as  supplementary  to  this  report,  and  to  which  reference 
must  be  made,  as  explanatory  of  the  latter.  The  survey  was  com- 
menced A[)ril  20,  and  completed  by  the  end  of  June. 

After  making  a  number  of  soundings,  the  narrowest  place  across  the 
Hogback  was  found  to  be  opposite  to  the  black  baoy  Ko.  13,  anchored 
there  by  the  United  States  Light-IIouse  Establishment,  and  having  on 
it,  at  the  shoalest  place,  lOJ  feet,  exactly  the  same  depth  as  in  the 
channel  heretofore  used  between  the  upper  channel  buoy  and  red  buoy 
Xo.  10.  An  examination  was  then  made  of  what  is  known  as  the  John- 
son Channel.  The  distance  across  the  Uogback  at  this  place  was  greater 
than  at  the  other  one,  but  as  the  course  is  more  direct,  it  was  believed 
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that,  eventually,  it  would  prove  to  be  the  bettor  one.  Accordingly  the 
dredger  was  placed  at  the  west  end  of  the  proposed  cut.  After  working 
four  days,  it  was  found  that  the  dipper  would  not  bring  up  more  than 
one-half  of  its  proper  quantity.  The  cause  ascribed  for  this  is,  that,  in 
the  first  place,  the  compact  nature  of  the  sand  at  the  bottom  having  a 
tough  sedimentary  coating,  makes  it  diflScult  for  the  dipper  to  grap- 
ple into  it;  and,  in  the  second  place,  although  the  sand  was  appar- 
ently so  hard,  still,  when  raised  and  forced  into  the  dump-scows,  would 
show  its  characteristic  of  quicksand  by  leaking  or  filtering  through 
the  crevices  between  the  jam  and  gates  at  the  bottom  of  the  hopper. 
Under  these  circumstances  it  was  apparent  that  the  mode  of  dredging 
employed  would  have  to  be  abandoned.  It  was  first  proposed  to  use  a 
scraper,  to  be  dragged  forwards  and  backwards  by  the  tug,  until  a  suffi- 
ciently deep  channel  could  be  obtained.  It  was  then  suggested  that  a 
large  curved  hoe,  with  teeth  for  raking  attached  to  its  lower  edge,  to  be 
used  on  ebb-tide,  would  prove  more  efficacious.  It  could  be  soon  made, 
and  at  a  small  cost.  When  ready  for  use  considerable  time  had  been 
lost,  and  the  balance  of  the  appropriation  available  for  this  work  not 
being  large,  a  change  of  plan  was  determined  upon.  This  was,  to  pro- 
ceed to  work  at  the  original  proposed  cut,  opposite  buoy  No.  10,  this 
being  the  shorter  of  the  two,  and  where  scraping  could  be  done  to  better 
advantage,  with  the  probability  of  opening  a  channel  in  the  least  time. 
The  dredger  was  accordingly  moored  at  the  head  of  this  cut,  and  May 
27th  work  was  commenced.  At  that  date  the  depth  was  ten  and  a  half 
feet ;  by  the  24th  of  June  a  channel  had  been  scraped  down  to  fourteen 
and  a  half  feet,  which  enables  a  vessel  drawing  twenty-one  feet  to  pass 
over  the  Hogback,  at  high-water,  without  risk  of  touching.  The  deep- 
water  channel  below  the  cut  has  been  very  little  aCFected  by  the  deposits 
from  the  scraping.  It  is  believed  that  the  opening  now  made  will  con- 
tinue to  widen  and  deepen  through  the  active  and  strong  pressure  of 
the  current  passing  down  Oilman  Channel  until  it  again  assumes  the 
form  shown  by  the  United  States  Ooast-Survey  chart  of  1870.  The  modus 
operandi  for  executing  the  work,  although  Interesting,  need  not  be  here 
described.  As  the  flood-tides  were  very  weak,  the  work  was  carried  on 
the  ebb.  Upon  the  completion  of  the  cut  an  invitation  was  extended 
by  the  engineer  of  the  dredger,  on  behalf  of  this  office,  to  all  the  pilots, 
both  steamer  and  sailing-vessel,  to  examine  the  channel;  five  accept43d, 
two  of  the  former,  and  three  of  the  latter,  who,  after  sounding  with  their 
own  lead-lines,  expressed  their  entire  satisfaction  in  regard  to  the  work; 
they  requested  that  a  beacon  be  placed  upon  the  sand  on  the  outer  side, 
which  would  enable  them  to  use  the  new  channel  immediately.  An  iron 
beacon  was  planted,  which  will  last  for  some  time,  and  will  serve  as  a 
leading-mark.  Temporary  red  and  black  spar-buoys  were  also  placed, 
which  will  answer  until  the  Light- House  Establishment  replace  them  by 
permanent  ones. 

During  the  working  of  the  dredger  current  observations  were  com- 
menced. These  were  only  noted  at  the  time  of  ebbtides,  as  there  is  so 
little  flood  in  the  month  of  June,  it  cannot  have  any  influence  in  the 
formation  of  shoals.  Owing  to  the  great  width  of  the  river  at  Hogbat  k 
the  freshets  from  the  Upper  Columbia  have  no  appreciable  iuflueLCi) 
upon  the  level  of  the  water ;  the  only  effect  produced  by  them  is  to  in- 
crease the  current  on  the  ebb,  and  retard  it  on  the  flood.  The  tides 
have  their  regular  rise  and  fall.  The  best  time  for  observations  of  cur- 
rents would  be  in  October  or  November,  when  the  upper  rivers  are  low. 
It  is  at  that  period  that  bars  and  obstructions  are  formed,  caused  by 
strong  tloud-tides,  and  heavy  winds  with  a  ground  swell  /rom  the  sea. 
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Then  the  sediment  and  sand,  brought  down  during  the  summer  and 
retained  in  deep  channel,  are  carried  back  (the  salt  water  having  made 
the  particles  lighter)  to  form  new  obstructions. 

The  usual  appliances  were  used  in  obtaining  the  rate  and  set  of  cur- 
rents ;  both  are  fully  represented  on  the  map  transmitted,  and  are  indi- 
cated by  figures  and  arrows.  Many  of  these  observations  were  made 
during  high  winds  and  rough  water,  for  both  of  which  an  allowance  was 
made,  and,  although  the  results  may  not  be  strictly  accurate,  still  they 
are  sufficiently  so  for  the  purpose  of  giving  an  idea  of  the  action  and 
effects  of  the  currents  toward  forming  the  shoals. 

Erom  present  data  no  well-devised  plan  of  improvement  can  be 
planned;  it  will  be  a  study  of  the  future.  Owing  to  the  great  breadth 
of  water  it  would  seem  more  advisable  to  let  nature  work  out  its  own 
channels,  and  to  then  follow  them  up  each  year  by  an  economical  use  of 
the  dredger. 

In  concluding  this  report  it  may  be  stated  that  upon  the  termination 
of  the  work  the  engineer  in  charge  startejl  June  25  with  the  dredger 
and  scows,  in  tow  of  the  steam  tug  Sedalia,  for  Portland.  After  pro- 
ceeding as  far  as  Kathlaraette  the  current  was  found  too  strong  to  con- 
tinue along  with  the  entire  tow.  The  dumping-scows  were  accordingly^ 
left  there  to  await  the  return  of  the  tug.  Upon  the  dredger  being  moored 
safely  at  its  old  landing  near  tbe  city,  the  scows  were  sent  for,  and  on 
the  way  up  from  Kathlamette  the  Sedalia  took  fire  and  was  burned  to 
the  water's  edge.  The  scows  were  subsequently  towed  up  and  laid  along- 
side of  the  dredger.  The  crew  of  the  latter  was  discharged  upon  its 
arrival. 

Financial  statement. 

Balance  in  Treasury  of  United  States  July  1,  1373  : 

Lower  Willamette $10,793  36 

Obstructions 9,206  64 

J!20, 000  00 

Amount  appropriated  by  act  approved  June  23,  1874 20, 000  00 

Amount  expended  during  the  fiscal  year  ending  June  30,  1874 14, 678  15 

Amount  available  July  1, 1874* 5,:i21  85 

Amount  required  for  the  fiscal  year  ending  June  30, 1876 20, 000  00 

*Of  the  amount  available  July  1,  1874,  must  be  deducted  $4,800  for  building  dam 
acroHS  Percy's  Slough,  which  is  not  yet  completed. 


Z   2. 


IMPROVEMENT    OF    THE    WILLAMETTE    RIVER    ABOVE    OREGON    CITY, 

OREGON. 

The  report  for  the  fiscal  year  ending  June  30,  1874,  for  this  improve- 
ment is  respectfully  submitted.  The  operations  consisted  in  the  removal 
of  suags  and  other  obstructions,  the  work  continuing  until  November  8, 
1873,  at  which  time  the  snag-boat  was  laid  up,  the  appropriation  being 
exhausted. 

Commencing  at  Horseshoe  Bend,  June  16, 1873,  there  were  removed 
some  large  cotton-wood  trees,  which  obstructed  the  channel  very  much ; 
thence  down  the  river  many  serious  obstacles  were  encountered  until 
Bowers's  Bar  was  reached,  where  several  snags  were  removed  and  placed 
in  the  wing-dam,  which  had  been  broken  by  floating  trees  and  snags 
the  previous  winter.  At  Luckamutte,  the  renowned  '*  big  pine,"  with 
its  fifty  associates,  had  to  be  removed.  A  long  time  was  consumed  at 
this  locality  on  account  of  these  trees  being  deeply  imbedded  in  the 
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gravel.  Giant  powder  was  indispensable  at  this  point,  as  well  as  at 
other  places.  Two  hundred  and  eighty  snags  were  removed  during  the 
working-season.  Last  year  the  snag-boat  failed  to  remove  many  snags 
and  stumps,  which  were  removed  during  the  present  working-season. 

The  master  reported  that  the  boat  did  notfail  in  a  single  instance  to 
remove  every  snag,  tree,  and  stump  of  which  it  took  hold.  Manj'^  very 
serious  obstacles  to  the  navigation  of  the  river  have  been  removed ; 
many  still  remain.  It  is  recommended,  in  addition  to  the  continued 
removal  of  snags  during  the  ensuing  fiscal  year,  that  certain  improve- 
ments pertaining  to  the  building  of  wing-dams  be  made  at  the  follow- 
ing-named points,  should  no  other  process  be  adopted,  together  with 
the  removal  of  rocks  at  several  of  them  : 

LIST. 

Polany  Bar.  Rocky  Rapids.  Magoogalon. 

Yamhill  Bar.  Loug's  Crossiug.  Half-moon  Bend. 

Union  Bar.  Bneim  Vista.  Bowers's  Slough. 

Five  Islands  Bar.  Wells.  Eola  Slough. 

Biterman's  Bend.  Lnckamntte.  Eola  Slough  Rocks. 

Beaver  Rapids.  Ferrier's  Bar.  Rocky  Rapids. 

McClosky's  Sbute.  Fickel's  Bars,  (upper  and  lower.)  Humphrey's  Rocks. 

The  average  number  of  feet  of  wing^ams  will  be  about  6,000.  These 
obstructions  extend  from  Oregon  City  to  Bowers's  Slough,  a  distance  of 
about  one  hundred  and  nine  miles. 

Financial  statement. 

Balance  in  Treasury  of  United  States  July  1,  1873 .$1 ,  500  00 

Amount  appropriated  by  act  approved  June  23,  1874 ?•,  500  00 

Amount  expended  durint;  the  fiscal  year  ending  June  30,  1874 1, 500  09 

Amount  required  for  the  fiscal  year  ending  June  30,  1876 25, 000  Oo 


Z  3. 

IMPROVEMENT  OF  THE  UPPER  COLUMBIA  RIVER,  ORECiON. 

The  appropriation  for  the  improvement  of  the  rapids  in  the  Upper 
Columbia  was  exhausted  during  the  working-season  of  the  fiscal  year. 
The  following  detailed  resume  of  the  nature  of  the  obstructions  which 
have  been  overcome  is  respectfully  submitted.  Propositions  in  regard  to 
the  continuance  of  the  work  of  improvement  are  also  suggested.  A  per- 
sonal inspection  before  and  after  the  completion  of  the  several  works, 
together  with  valuable  information  obtained  from  the  river-pilots  and 
the  engineer  assistant  in  charge,  furnish  the  data  upon  which  this  re- 
port is  based.  The  work  was  done  under  contract  with  Mr.  J.  B.  Mont- 
gomery, and  was  superintended  by  3Ir.  K.  B.  Kandall,  the  duly  author- 
ized agent  of  the  Government. 

Under  the  direction  of  my  predecessor,  Maj.  II.  M.  Robert,  the  re- 
moval of  the  whole  of  John  Day  Kock  at  the  rapids  of  the  same  name 
was  accomplished  during  portions  of  the  months  of  January,  February, 
and  March  of  the  year  1873 ;  also  the  rocks  at  the  Upper  Umatilla 
Kapids,  designated  by  the  letters  *'  Z,"  <' Y,"  '*  W,"  and  "  X"  on  the  maps 
previously  submitted,  were  blasted,  but  the  debris  was  not  raked  off  and 
removed.  At  the  Lower  Umatilla  Rapid  work  was  commenced  during  the 
same  period  on  the  rock  "  E,"  but  it  was  only  partially  removed  in  couse- 
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qnence  of  the  commencement  of  tbe  annual  rise  in  the  river,  which  neces- 
sitated the  8aa])ension  of  all  operations  for  the  season.  It  should  be  here 
stated  that  it  is  only  during  the  winter-months  work  can  be  successfully 
executed,  as  at  that  period  the  river  falls  to  the  very  lowest  sta^e,  so  tbat 
many  rocks  then  become  exposed  above  the  surface  of  the  water,  and  the 
latter  becomes  clear,  thereby  enabling  the  workmen  to  operate  to  greater 
advantage,  and  thus  expedite  their  labors.  Work  at  that  time  is  some- 
what impeded,  and  often  temporarily  discontinued,  in  consequence  of 
floating  ice.  During  the  extreme  cold  weather,  however,  the  thermom- 
eter ranging  as  low  as  14^  below  zero,  the  river  becomes  frozen  over  in 
a  solid  mass  above  and  below  the  rapids,  and  no  interruption  then  oc- 
curs. The  laborers  soon  become  habituated  to  the  extreme  severity  of 
the  temperature,  as  the  weather  remains  perfectly  clear  during  the 
greater  part  of  the  winter. 

Operations  on  the  rapids  were  not  resnmed  until  the  1st  of  Novem- 
ber, 1873,  the  river  by  that  time  having  fallen  to  a  suitable  depth.  The 
working-scows  were  then  dropped  down  the  river  from  Umatilla,  at 
which  place  they  ha<l  been  moored  during  the  summer,  to  Devil's  Bend, 
a  short  distance  below.  At  this  point  a  channel  was  opened  100  feet 
in  width  and  600  feet  in  length;  this  was  done  by  removing  all  bowlders 
or  rocks  from  the  gravel-bar  above  the  bend,  which  lay  within  5J  feet  of 
the  surface  of  the  water,  at  which  stage  it  corresponded  with  the  zero- 
point  on  the  gauge  at  Umatilla.  The  boats  now  employed  in  runningon 
the  Columbia  above  the  Dalles  to  Wallula,  and  during  the  highest  stages 
of  the  water  ascending  the  Snake  River  as  high  asLewiston,  are  generally 
loaded  to  a  depth  of  between  3 J  and  4  feet.  As  the  bowlders  are  covered 
with  little  water,  and  being  scattered  promiscuously  on  the  bottom  of 
the  river,  which  at  this  point  spreads  out  to  a  great  width,  nearly  3,000 
feet  between  the  lines  of  low-water  mark,  they  were  always  more 
troublesome  and  dangerous  than  the  rocks  below;  the  latter  have  com- 
paratively deep  water  around  them,  and,  their  positions  being  well 
defined,  can  be  easily  avoided. 

The  operation  consisted  in  anchoring  the  scows  immediately  over  the 
rock  to  be  displaced,  and  the  drilling  of  the  necessary  holes  to  receive 
the  tin  cartridges  tilled  with  giant  i)Owder;  the  latter  were  tired  by  a 
fuse  protected  by  and  fastened  to  the  cylinder  containing  the  ])owder 
by  a  wooden  stick.  The  charge  was  from  three  to  eight  pounds,  the 
cases  being  about  three  inches  in  diameter ;  the  holes  were  drilled  to  a 
suitable  size  to  receive  them.  Upon  the  completion  of  that  portion  of 
the  work,  December  2,  there  occurred  for  more  than  a  month  a  severe 
freezing  spell  which  caused  much  floating  ice;  work  was  consequently 
susj)en(led  during  that  time,  and  the  boats  moored  in  a  safe  cove  oppo- 
site Umatilla.  On  the  8th  of  January  of  the  present  year  the  scows 
were  warped  up  to  the  Umatilla  Lower  Rapid,  and  operations  were 
resumed  on  the  following  day.  At  this  lo(»ality  only  four  rocks  were 
removed,  a  sufhcient  number  to  open  a  channel  large  enough  for  the 
boats  now  plying  on  the  river;  they  are  designated  on  the  sketch  by  the 
letters  C,  C\  C",  and  D.  It  was  deemed  advisable  not  to  continue  work 
on  the  rock  E,  which  had  been  partially-  removed  during  the  ])revious 
spring,  as  it  seemed  probable  that  by  further  lowering  the  water  at 
that  point  other  rocks  might  become  exposed  and  made  dangerous 
which  otherwise  are  not  so  at  present.  J^etween  the  point  of  the  reef 
and  the  gravel-bank  the  current  has  a  velocity  of  twelve  miles  per  hour. 
Tlie  work  at  the  lower  rapid  was  finally  completed  and  accepted  by 
January  28.  Within  a  few  days  after  this  date  operations  were  resumed 
iu  the  high-water  channel  at  the  Umatilla  Upper  Rapid.    By  reference 
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to  the  map  it  will  be  seen  that  what  has  always  been  knbwn  as  the 
low-water  channel,  and  which  has  been  used  up  to  the  present  time,  is 
a  very  long  and  circuitous  one  bounded  on  both  sides  by  reefs  and  shoal- 
water. 

Experienced  pilots  can  alone  navigate  it.  The  one  called  the  ''  High- 
water  Channel,''  which  hitherto  has  been  used  during  the  season  of  high- 
water,  and  which  can  now  be  safely  run  during  the  lowest  stages  of  the 
river  in  which  boats  can  pass  over  the  rapids  between  Wallula  and  the 
Dalles,  has  been  made  a  direct  and  short  one.  At  this  rapid  such  rocks 
were  selected  for  removal  as  would  most  benefit  navigation,  as  only  a 
limited  quantity  could  be  displaced  in  order  not  to  exceed  the  amount  of 
the  appropriation.  Its  width  at  the  narrowest  point  is  scarcely  40  feet ; 
this,  for  several  reasons,  is  by  no  means  sufficient,  and  it  is  recommended 
that  an  increased  width  be  given  to  it  as  soon  as  the  necessary  funds 
become  available.  It  is  stated,  notwithstanding  the  unevenuess  of  the 
bottom  on  the  outside  of  the  channel  from  which  the  rocks  have  been 
removed,  that  boats  ascending  with  a  draught  of  4  or  even  5  feet  of  water 
would  experience  no  danger,  liut  that  in  descending  there  would  be  con- 
siderable risk  on  account  of  the  swiftness  of  the  current,  there  being 
danger  of  a  sudden  sheer-off  and  the  boats  not  being  perfectly  manage- 
able. At  the  head  of  the  rapid  it  has  a  velocity  of  twelve  miles  an 
hour.  During  a  high  stage  of  water  the  pilots  will  continue  to  use  it  as 
formerly,  and  as  the  river  falls  will  learn  by  experience  whether  it  is  an 
improvement  upon  the  ''  Low-water  Channel,"  that  on  the  Washington 
Territory  shore. 

To  make  the  high-water  channel  perfectly  safe  at  every  stage  of  water, 
it  is  estimated  that  it  would  require  the  removal  of  about  100  cubic  yards 
of  rock  on  the  south  side  of  the  head  of  the  rapid,  a  like  amount  from 
the  edge  of  the  reef  (at  the  narrowest  point)  on  the  south  side  of  the 
channel,  and  a  similar  quantitj^,  as  contained  in  four  rocks,  on  the  north 
side.  This  work  accomplished,  a  width  of  75  feet  would  be  obtained 
throughout  its  entire  length ;  by  then  using  it,  steamboats  coming  down- 
stream against  the  strong  summer-winds  would  avoid  the  trouble  and 
risk  often  experienced  in  running  the  other  channel.  By  February  25 
the  work  was  completed  so  far  as  the  nearly  exhausted  funds  would 
admit,  and  its  execution  by  the  contractor  accepted. 

It  may  not  be  uninteresting  to  state  the  method  adopted  by  the  su- 
perintendent of  the  work  for  sounding  the  very  swift  current  over  the 
rapids.  The  scows,  four  in  number,  were  fastened  end  to  end,  and 
firmly  anchored  from  above  the  rapids ;  the  entire  length  thus  obtained 
was  equal  to  185  feet.  A  series  of  soundings,  commencing  at  the  head 
of  the  channel,  was  then  taken,  a  long  iron  rod,  graduated  to  feet  and 
inches,  being  used;  this  was  plunged  well  forward  in  the  current  so  as 
to  obtain  as  near  as  practicable  a  perpendicular  position  upon  strik- 
ing the  bottom  of  the  river.  This  was  done  once  on  each  side  and  along 
the  entire  length  of  the  united  scows.  The  latter  were  then  hauled  by 
their  boat-lines  distances  of  18  feet,  and  new  sets  of  soundings  taken 
until  the  entire  width  of  the  channel  was  passed  over.  The  scows  were 
then  allowed  to  drop  down  their  own  length,  and  the  foregoing  opera- 
tions repeated ;  this  was  continuously  done  until  the  whole  length  and 
breadth  of  the  channel  had  been  accurately  sounded.  By  this  method 
an  area  of  900  feet  by  75  feet  was  examined.  Angles  were  taken 
with  a  sextant  at  each  shift  of  the  boats  upon  some  principal  stations, 
those  designated  on  the  map  by  the  letters  C,  D,  and  N ;  these  were 
marked  by  iron  rods  set  in  holes  drilled  into  the  rocks  for  the  purpose. 
These  stations  were  established  by  triangulation  from  a  base-iiue  of 
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2,150  feet  laid  out  and  carefully  measured  on  the  Oregon  shore.  After 
the  removal  of  the  several  rocks  and  the  completion  of  the  work  upon 
those  blasted  the  previous  year,  a  second  examination  was  made  of  the 
channel,  commencing  from  its  foot.  Timbers  6  inches  by  6  inches  were 
rigged  across  the  bow  of  the  scows  and  planked ;  these  projected  over 
the  sides  so  as  to  present  a  frontage  of  40  feet.  The  iron  rod  was  tbeii 
used  as  before  to  obtain  soundings  at  intervals  of  6  feet,  and  an  accu- 
rate section  of  the  channel  thus  obtained.  The  boat  was  then  heaved 
ahead  by  the  hawser  a  distance  of  5  feet,  measured  upon  the  latter,  and 
a  similar  set  of  soundings  obtained ;  this  was  continued  until  the  head 
of  the  channel  was  reached.  Angles  to  certain  established  points  were 
taken  with  the  sextant  to  locate  each  successive  position  of  the  scow. 
The  top  of  the  rock  marked  O  was  adopted  by  agreement  as  the  level 
for  the  low-water  mark,  and  the  zero  of  the  water-gauge  at  Umatilla 
was  made  to  correspond  with  the  same  point. 

The  following  recommendations  are  made  in  regard  to  future  opera- 
tions on  the  Upper  Columbia  at  the  several  dangerous  rapids  which 
render  navigati(m  dangerous.  In  addition  to  the  improvements  pre- 
viously suggested  in  regard  to  the  "High-water  Channel  of  the  Uma- 
tilla Upper  Rapid,  the  captain  and  pilot  of  the  steamboat  Teuino,  Cap- 
tain Coe,  recommends  the  removal  of  all  the  rocks  on  the  north  side. 
To  this  officer  my  thanks  arei  justly  due  for  much  valuable  information 
concerning  the  river  and  the  nature  of  the  difficulties  to  be  overcome. 
He  also  states  that  if  a  channel  was  made  with  a  uniform  depth  of  6 
feet,  and  having  only  one  rock  left  in  it  with  but  5  feet  on  it,  a  boat 
in  passing  over  it  will  have  her  headway  deadened,  the  boat  seeming  to 
draw  towards  it ;  and  from  this  cause  arises  the  great  difficulty-  of  steer- 
ing where  there  are  manj^  of  them. 

Howly  liapid  is  similar  to  the  upper  part  of  Devil's  Bend.  Large 
bowlders,  which  have  been  borne  down  on  drifting  ice,  are  deposited  on 
the  bar,  and  will  have  to  be  removed  by  the  same  method  as  was  adopted 
at  the  last-named  locality. 

At  Squally  Ilook  the  rocks  marked  A  and  B  should  be  removed.  In 
descending,  a  boat  has  to  sheer  so  much  across  the  current  to  avoid 
thein  that  her  stern  is  in  danger  of  striking  the  latter.  There  is  also  a 
small  one  immediately  in  the  channel,  over  which  boats  pass,  excepting 
at  tlie  lowest  stage  of  water. 

At  the  Owyhee  Rapid  the  river  is  both  wide  and  shoal ;  the  bottom 
is  gravel,  covered  with  bowlders.  The  steamer  Yakima  struck  one  of 
them,  and  while  in  a  inking  condition  was  run  on  a  bar  below,  her 
deck  remaining  just  above  the  surface  of  the  water.  The  improvements 
HUggested  for  this  locality  are  the  establishment  of  leading-marks  on  the 
shores  and  the  removal  of  all  bowlders  within  50  feet  of  the  line  on  each 
Aide. 

At  the  foot  of  Rock  Creek  Rapid  there  is  a  large  rock,  which  should 
be  blasted.  In  ascending,  boats  put  close  to  its  south  side ;  in  descend- 
ing, owing  to  the  swiftness  of  the  current,  they  hug  close  the  Washing- 
ton Territory  shore,  making  quite  an  elbow  to  avoid  it,  and  incurring 
great  risk  at  the  same  time  of  running  upon  others. 

Between  the  Cascades  and  the  Dalles,  the  shoalest  place  at  the  lowest 
stage  of  the  river  had  seven  feet  of  water  upon  it ;  there  are  other  shoal 
places,  but  none  are  dangerous. 

The  amount  of  the  appropriation  for  the  current  fiscal  year,  $20,000, 
will  be  applied  as  far  as  possible  toward  the  improvements  above  enu- 
merated, 80  as  to  make  the  river  from  the  Dalles  to  the  crossing  of  the 
North  Pacific  Railroad  (near  the  mouth  of  Snake  River)  in  the  same 


Digitized  by  LjOOQ  IC 


362  REPORT    OF    THE    CHIEF    OF    ENGINEERS. 

navigable  coudition  as  at  the  several  rapids,  Johu  Day,  Umatilla,  and 
Devil's  Bend. 
The  quantity  of  rock  removed  was  1,425  cubic  yards. 

Financial  statemejit 

Balance  in  Treasury  of  United  States  July  1,  1H73 ^^Q,  000  OO 

Amount  in  bands  of  officer  and  subject  to  liis  check 19, 18:5  76 

Amount  appropriated  by  act  a])proved  June  23,  1874 20, 000  00 

Amount  expended  during  the  fiscal  year  ending  June  30, 1874 28, 085  1 1 

Amount  available  July  1, 1874 .". 96  65 

Amount  required  for  the  fiscal  year  ending  Juue  30,  1876 40,  OOO  OO 


APPENDIX  Z  4. 

AN'NUAL   report   of   major  henry   M.  ROBERT,  CORPS 

OF   ENGINEERS,  FOR   THE   FISCAL  YEAR  ENDING  JUNE 

30,  1874. 

Milwaukee,  Wis.,  August  28, 1874. 

Sir  :  I  have  the  honor  to  snbmit  the  following  as  my  annual  report 
on  the  works  of  river-improvement  in  Oregon  for  part  of  the  fiscal  year 
ending  June  30,  1874. 

By  Special  Order  179,  War  Department,  Adjutant-General's  Office, 
dated  September  8, 1873, 1  was  ordered  to  be  relieved  from  this  duty  by 
Maj.  N.  Micliler,  Avho  took  charge  of  these  works  on  October  22,  1873. 
Up  to  that  date  the  work  done  was  as  follows : 

IMPROVEMENT   OF  THE  LOWER  WILLAMETTE    AND   COLUMBIA  RIVERS 
FROM  PORTLAND,   OREGON,   TO   THE   SEA. 

At  the  commencement  of  the  fiscal  year  the  steam-dredger  (Morris 
and  Cummings's  patent  IJ-jard  bucket)  was  nearly  finished,  its  comple- 
tion having  been  very  much  delayed  by  its  machinery  being  detained  in 
San  Francisco  for  payment  of  full  freight- charges. 

The  gre«t  fire  of  August  2  in  Portland,  destroying  over  twenty  blocks, 
caused  another  delay  by  the  destruction  of  tlie  foundery  in  which  the 
steam-capstan  for  the  dredger  was  being  built.  She  was  recalked,  as 
also  were  the  dumping-scows,  in  August,  and  was  finally  finished  two 
or  three  weeks  after  the  commencement  of  the  long  low- water  season. 
She  was  towed  down  river  September  1  to  the  mouth  of  the  Willamette, 
on  which  bar  she  began  woik,  dredging  a  channel  80  feet  wide  and 
holding  15  feet  at  low-water.  The  work  was  done  under  many  disad- 
vantages, the  engineer  and  men  being  new  to  her  pattern,  and  the 
bottom  very  hard  till  broken  ;  then  consisting  of  fine  quicksand,  a  large 
l)ortion  of  which  would  fioat  away  before  the  bucket  reached  the  scow. 
Notwithstanding  these  disadvantages,  she  removed  in  18  workiug-days 
of  September  3G.}  scows  of  100  cubic  yards  eacli. 

Several  large" ships  laden  with  grain,  as  well  as  the  regular  ocean- 
steamers,  passed  through  the  cut  during  this  month,  and,  the  dredging 
being  in  progress,  necessarily  some  detention  occurred  until  it  had 
advanced  sutliciently  to  give  a  tem]>orary  channel.  The  cut  was  made 
40  feet  wide  across  the  whole  bar,  (330  feet,)  then  a  second  cut  40  feet 
wide  was  made  alongvside  this,  and  a  third  cut,  2  feet  deeper,  in  the 
center  of  these  two,  was  being  made  when  I  turned  over  the  work. 

Five  spar-buoys,  40  feet  long,  with  sinkers  and  shackles  weighing 
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over  2,000  pounds  e.ach,  were  plai'od  in  position  on  Swan  Island  Bar,  in 
place  of  the  old  buoys,  reported  by  the  pilots  as  too  small  to  be  seen  at 
night. 

An  examination  of  Columbia  Slough  was  made  by  me,  and  my  views 
as  to  the  stopping  of  this  slough  by  a  pile-dam  placed  at  the  icidest  and 
Hhalloieest  purt  were  transmitted  to  the  Chief  of  Engineers  in  a  report 
dated  November  7,  1873,  to  which  I  would  refer. 

Examinations  with  the  lead-line  and  sextant  were  made  by  my  assist- 
ant over  the  various  bars  on  the  two  rivers  in  advance  of  the  dredger's 
work,  to  determine  the  best  line  for  her  to  work  on.  These  examinations 
were  made  at  Swan  Island  Bar,  where  no  material  filling  was  found, 
only  4  to  5  inches,  and  of  no  great  extent,  after  seven  and  a  half  months^ 
intermission  of  dredging ;  also  at  the  month  of  the  Willamette  River, 
where  but  10  feet  of  water  was  found,  and  but  12  feet  for  a  linear  dis- 
tance of  500  feet. 

Also  at  Post-Office  Bar,  which  had  but  15J  feet  of  water  on  it,  and  at 
St,  Helen's  on  the  Columbia,  where  the  average  water  on  the  line  of  cut 
was  but  15  feet.  The  maps  and  results  of  these  surveys  were  duly 
transferred  to  Major  Michler. 

A  survey  and  chart  was  also  made,  by  my  assistant,  of  the  "Hog's 
Back"  Bar,  in  the  Columbia  River,  near  Astoria.  The  result  was  com- 
municated to  the  Chief  of  Engineers  in  a  special  report  dated  Novem- 
ber 7,  to  which  I  beg  to  refer. 

The  amount  received  and  expended  by  me  for  this  improvement  is  as 
follows : 

OiihandJuly  1,  1873 $5, 118  08 

Krceived  since,  (of  which  KM^K)  was  from  the  new  appropriation  for  this 
liscttl  year) 7,406  64 

Expended : 

Ne  w  d  r ed  ge  r 3,76310 

8tore8  and  supplies 170  81 

Watching  property 29  41 

Repairs ,    7:19  03 

Dn-dging 966  20 

Towing 800  00 

Huoys 1,378  62 

Ortice-expeuses,  salarieM,  &c • 406  70 

Surveys 646  Siy 

Total 8,900  73 

lialance  transferred  to  Maj.  N.  Michler 3, 023  99 

I3IPR0VKMENT   OF  THE  UrPER  WILLAMETTE  RIVER,   OREGON. 

One  hundred  and  ninety-one  sna^s  were  removed  from  the  riverbed 
np  to  September  30,  and  the  sn«g-boat  crew  built  3G0  feet  of  dam  at 
Union  Bar.  Giant  powder  had  to  be  used  on  several  snags  to  loosen 
them  and  break  them  up. 

Eight  small  buoys  were  placed  in  the  river  at  Tualatin  Hocks  and 
Rock  Island. 

I  visited  the  bars  at  Union  and  Yamhill,  and  found  the  wing-dams 
built  there  last  year  in  good  preservation,  and  answering  the  purpose 
they  were  intended  for. 

There  have  been  received  and  expended  for  this  work  by  me  the  fol- 
lowing sums : 

On  hand  July  1,  1S73 812  21 

Received  since 3,000  00 
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Expended : 

Snagging |1,4G9  15 

Towing 61  77 

Repairs 36  !^4 

Stores  and  supplies 175  04 

Buoys 67  75 

Superintendence,  &c 178  71 

Office-expenses,  salaries,  &c 245  57 

Total 2,2:J5  43 

Balance  transferred  to  Maj.  N.  Michler. 776  78 

IMPROVEMENT  OF  THE  UPPER  COLUMBIA  RIVER,  OREGON. 

No  operations  in  the  field  ;  waiting  for  low-water. 

Amount  on  hand  July  1,  1873,  (of  wbicli  $15,157.50  was  due  the  contractor, 

but  retained  till  the  completion  of  the  entire  work) $19, 214  33 

Expended : 
Office-expenses IVl  57 

Balance  transferred  to  Maj.  N.  Michler |19, 18:j  76 

SURVEYS  FOR  IMPROVEMENTS  OF  RIVERS  AND  HARBORS. — YAMHILL 

RIVER,  OREGON. 

I  made  an  examination  of  this  stream  in  September,  to  ascertain  tlie 
nature  of  any  improvement  which  might  be  undertaken,  and  to  fix  on 
such  parts  as  would  require  an  instrumental  survey. 

Expecting  the  arrival  of  my  successor  very  soon,  it  seemed  but  proper 
for  me  to  leave  for  him  the  responsibility  of  the  survey  and  report  upon 
this  new  enterprise,  so  I  took  no  further  steps,  except,  at  his  request,  to 
make,  on  the  day  1  left  Oregon,  (November  7,)  a  report  to  the  Chief  of 
Engineers  upon  the  examination  I  had  made. 

The  amount  expended  by  me  on  this  examination  and  the  preliminary 
arrangements  for  the  survey  was  $122.31. 

I  was  also  charged  with  an  examination  of  the  mouth  of  the  Coquille 
Eiver,  which  was  made  by  Major  Michler. 

Respectfully  submitted. 

Henry  M.  Robert, 
Major  of  Engineers^  U.  8.  A. 

Brig.  Gen.  A.  A.  Humphreys, 
Chief  of  Engineers. 


Z  5- 

COQUILLE  RIVER,  OREGON. 
Report  of  Major  N.  Michler^  Corps  of  Engineers. 

United  States  Engineer  Office, 

Portland,  Oreg.,  March  12,  1874. 

Sir  :  The  following  report  in  regard  to  the  proposed  canal  to  connect 

the  waters  of  the  Coquille  River  with  those  of   Coos  Bay,  State  of 

Oregon,  is  respectfully  submitted,  in  compliance  with  your  instructions. 

Maps  of  the  line  of  the  lake  survey,  made  under  my  direction,  and  of  the 
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adjaceut  country,  compiled  from  dififerent  authorities,  are  inclosed  for 
your  information.  A  profile  of  tbe  entire  length  of  the  canal,  as  con- 
templated, is  also  furnished,  in  order  to  exhibit  the  nature  of  the  cut  to 
be  made  and  of  the  cubic  contents  of  the  material  to  be  removed. 

Before  proceeding  to  discuss  the  canal  question,  a  few  remarks  are 
deemed  necessary  to  elucidate  the  matter.  The  most  natural  way  to 
reach  the  waters  of  the  Pacific  Ocean  from  the  Coquille  Kiver  would  be 
by  passing  out  through  its  mouth.  This  would,  bf  course,  necessitate 
the  improvement  of  the  latter,  which,  from  the  character  of  the  entrance, 
would  prov-e  a  very  difficult  and  expensive  operation.  No  survey^has 
as  yet  been  made  by  this  office  to  ascertain  the  nature  and  cost  of  such 
an  undertaking,  but  by  an  examination  of  the  Coast  Survey  Pilot  and 
Charts,  and  thnmgh  information  gained  from  other  sources,  a  correct 
conclusion  can  be  reached. 

"  The  south  point  of  the  entrance  to  this  river  is  a  high  bluflf  head- 
land," a  mass  of  rocks,  "  while  the  north  point  is  a  long,  low,  narrow 
spit  of  land,  overlapping,  as  it  were,  the  southern  head,  so  that  the 
channel  runs  parallel  with  and  close  under  it."  The  channel  still  con- 
tinues to  run  along  the  northern  shore,  and  then  makes  a  sudden  turn 
to  the  south.  In  passing  out  or  in  there  is  great  danger  of  going  upon 
the  rocks.  "A  short  distance  oflf  it  (the  mouth)  lie  several  rocks,  but 
not  of  sufficient  size  to  lessen  the  western  swell  which  breaks  continually 
across  the  bar."  It  is  a  very  difficult  entrance,  and  is  seldom  attempted. 
A  rocky  reef  extends  across  it,  which  at  low-water  is  almost  bare. 
Through  this  an  expensive  cut  will  have  to  be  made  to  render  it  passa- 
ble for  sea-going  vessels.  "  The  widest  part  of  the  mouth  is  less  than 
two  hundred  yards,  after  which  the  river  sprees  out  into  a  large  sheet 
of  shallow  water,  about  two  miles  long  by  three-quarters  of  a  mile  broad, 
and  bounded  by  low  ground."  This  basin  is  not  deep  enough  to  accu- 
mulate sufficient  water  at  flood-tules,  by  means  of  which  a  strong  cur- 
rent could  be  created  to  wash  out  and  keep  open  the  channel,  which  is 
constantly  shifting.  Owing  to  the  extreme  low  shores,  they  are  covered 
with  a  few  inches  of  water  at  the  very  highest  tides.  It  is  reported,  at 
very  low  tides,  the  river  can  be  crossed  by  wading  over  the  bar. 

The  mouth  of  the  river  is  fifteen  miles  from  Port  Orford,  and  sixteen 
from  Empire  City,  on  Coos  Bay ;  a  ferry  is  established  about  half  of 
a  mile  above  it.  In  the  last  sixteen  or  seventeen  years  not  more  than 
the  same  number  of  small  vessels  have  crossed  over  the  bar.  A  small 
steamer  built  on  the  river  lately  passed  out,  bound  for  San  Francisco. 
A  high-tide,  a  smooth  sea,  no  wind,  everything  favorable  at  the  same 
time,  are  requisite  in  order  to  insure  success.  Above  the  basin  the 
river  becomes  beautiful;  it  is  from  two  hundred  and  fixty  to  three  hun- 
dred yards  in  width,  and  in  appearance  like  a  natural  canal.  The  tide* 
water  now  runs  up  forty  miles  to  the  mouth  of  Korth  Fork  ;  formerly, 
only  a  few  years  ago,  it  ascended  to  the  junction  of  the  Middle  Fork. 
For  this  distance  the  depth  of  water  is  very  great.  The  river  is  navi- 
l^able  for  about  sixty  miles.  The  facts  stated  explain  the  difficulties  to 
be  overcome,  and  the  correspondingly  large  amount  of  money  to  be  ex- 
X)ended,  if  any  contemplated  improvement,  even  at  the  risk  of  its  re- 
maining a  permanent  one,  should  be  undertaken  to  improve  the  channel 
at  the  entrance  to  the  river. 

The  Coquille  River  and  its  branches  drain  a  large  tract  of  mount- 
ainous country,  the  coast  range,  about  nhie  hundred  square  miles.  Its 
A'alley  is  described  as  being  remarkably  rich,  some  two  hundred  square 
miles  in  area.  Already  over  two  hundred  farmers  cultivate  the  soil,  with 
the  necessary  quota  of  stores,  shops,  and  mills.    All  kinds  of  cereals 
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grow  flourishingly,  although  not  as  yet  much  planted;  potatoes  and 
fruit  (ap|>les  and  pears)  excel ;  in  fact  all  kinds  of  esculents  can  be  pro- 
duced. Most  superior  and  valuable  timber  profusely  covers  the  land, 
such  a«  myrtle,  (laurel,)  maple,  white  cedar,  white  ash,  alder,  fir,  spruce, 
hemlock,  and  other  species,  large  quantities  of  which  are  being  de- 
stroyed for  want  of  means  to  transport  the  lumber  to  market.  Several 
projects  have  been  considered  for  obtaining  means  of  transportation  by 
which  to  tbrward  the  wealth  of  this  valley  to  the  commercial  points  on 
the  coast,  and  thereby  open  a  fine  country  to  the  many  emigrants  now 
seeking  homes  in  Oregon.  The  initiative  in  the  undertaking  has  been 
made  by  the  building  of  a  wooden  railway  over  what  is  called  Isthmus 
Divide,  connecting  Beaver  Slough,  a  branch  of  the  Coquille  River,  with 
the  Isthmus  Slough,  a  tributary  or  arm  of  Coos  Bay.  The  accompany- 
ing map  and  profile  indicate  the  location  of  the  road.  It  was  built  by 
Judge  Gilbert  Hall,  some  four  years  ago,  at  a  cost  of  about  $8,000  in 
coin ;  it  is  a  wooden  tram-way,  consisting  of  longitudinal  wooden  rails 
laid  on  rough  sleepers,  the  ravines  intersecting  the  divide  being  crossed 
by  trestle-bridges  5  it  is  little  more  than  one  and  a  half  miles  in  length. 
The  means  of  transportation  over  this  portage  consist  of  a  platform- 
car,  drawn  by  a  mule,  and  conducte<l  by  one  man.  Small  light-draught 
steamers  are  run  from  the  different  localities  on  Ooos  Bay  up  the 
Isthmus  Slough  to  Hall's  northern  landing,  where  passengers  and 
freight  are  transferred  to  the  car,  and  transported  over  the  tram-way  to 
Hall's  southern  landing,  at  the  head  of  Beaver  Slough.  At  that  point 
they  are  placed  in  canoes  or  small  boats,  which  descend  the  latter  to 
the  Coquille  River,  along  which  they  are  distributed  at  different  points. 
The  entire  distance  from  the  first  landing  to  the  river,  following  the 
sinuosities  of  the  sloughs,  is  about  six  miles.  An  entire  day  is  consumed 
in  making  the  trip,  about  two  tons  of  freight  being  transported  over  the 
route  each  day.  The  amount  passed  ov(^r  the  portage  during  the  year 
1873  was  about  six  hundred  tons,  consisting  of  a  variety  of  articles,  such 
as  merchandise,  mining-apparatus,  steam-engine  and  boiler,  farming 
implements,  and  produce  of  every  description. 

The  quantity  has  been  yearly  on  the  increase.  In  this  connection, 
while  considering  the  annual  extension  of  trade  from  the  ordinary  con- 
sequences of  additional  and  growing  settlements  on  the  river,  one  im- 
portant fact  must  be  considered — the  obtaining  for  shipment  of  many 
thonsands  of  feet  of  lumber  and  many  hundreds  of  tons  of  coal,  the 
former  to  be  found  along  the  valley  of  the  Coquille,  and  the  latter  im- 
bedded in  the  Isthmus  Divide  within  less  than  a  mile  of  the  portage, 
the  production  of  which  alone  awaits  development  when  more  enlarged 
means  of  transportation  can  be  obtained.  In  place  of  the  very  limited 
kind  described  as  now  in  use,  three  several  i)lans  have  been  pro[>osed 
at  different  times.  The  first  is  the  building  of  a  wagon-road,  the  Coos 
Bay  wagon-road,  from  the  river  to  the  Isthmus  Slough.  The  second  is 
the  construction  of  a  narrow-gauge  railway  between  the  same  points. 
The  third  is  the  digging  of  a  canal  to  connect  the  waters  now  separated 
by  a  narrow  divide,  to  enable  steamers  of  small  draught  to  run  between 
the  different  localities  along  the  river  to  points  on  Coos  Bay,  carrying 
freight  for  shipment  upon  ocean -steamers  without  breaking  bulk  en  route. 
Surveys  have  been  made  of  each  of  the  plans,  and  each  has  its 
advocates.  The  third  would  seem  preferable;  by  it  an  uninterrupttMl 
line  of  water-course  would  be  had  from  the  country  between  the  head 
of  navigation  and  the  mouth  of  the  Coquille,  a  distance  of  sixty  miles, 
with  the  present  or  contemplated  wharves  at  Empire  City  for  sea-going 
vessels  bound  in  and  out  of  the  harbor  of  Coos  Bay.    From  the  paint 
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of  departure  on  tbe  river  to  that  seaport  is  about  twenty-five  miles.  A 
line  of  steamers  already  makes  regular  connections  between  the  latter 
and  San  Francisco.  The  first-cost  of  building  a  canal  would  be  the 
greatest;  but  then  again,  in  connection  with  its  utility,  it  would  offer  an 
additional  outlet  to  the  overcharged  waters  of  the  river  during  the 
heavy  freshets  which  sometimes  occur.  These  latter,  it  may  be  here 
remarked,  would  in  all  probability  inundate  and  seriously  damage, 
owing  to  the  marshy  nature  of  the  land  upon  which  they  will  have  to 
be  constructed,  any  wagon  or  rail  road  that  may  be  built  to  subserve  a 
like  purpose  as  that  of  the  contemplated  canal.  It  must  be  borne  in 
miml  that  the  greater  part  of  the  distance  between  deep  channels  of 
the  river  and  the  bay  is  low,  not  many  feet  above  the  average  stage  of 
water  in  each,  as  will  be  seen  from  the  followinsr  description  of  the  line 
of  the  proposed  canal,  and  as  shown  on  the  profile. 

The  following  dimensions  are  deemed  sufficient  for  all  immediate 
practical  purposes :  The  width  of  the  canal  to  be  30  feet,  and  its  depth 
4  feet  below  low-water  mark  at  ebb-tide.  Commencing  at  the  Coquille, 
it  will  at  first  follow  the  general  course  of  Beaver  Slough.  The  en- 
trance to  the  latter  will  have  to  be  deepened  and  widened  by  dredging. 
The  first  section  of  the  work,  which  follows  up  and  continues  in  the 
slough  5,280  feet,  (one  mile,)  will  also  have  to  be  widened  and  dredged 
in  addition  to  straightening  some  of  its  bends.  The  second  section, 
13,200  feet,  (2  and  a  half  miles,)  will  be  the  first  CHt  of  from  10  to  14 
feet,  and  will  have  to  be  made  through  a  marsh  covered  with  prairie- 
grass  and  thick  brush,  the  course  running  in  a  northeasterly  direction. 
The  third  section  is  1,500  feet  in  length,  a  cut  from  14  to  17  feet  through 
a  swamp  that  overlies  a  hard  soil.  The  fourth  section  is  through  the 
thickly-timbered  isthmus  divide,  first  following  up  a  deep  ravine,  the 
continuance  of  Beaver  Slough,  the  line  being  parallel  to  the  tram-way; 
then  across  the  divide  proper,  intersecting  the  railway,  to  the  head  of  a 
second  ravine,  and  following  down  the  latter,  the  course  again  becoming 
neatly  parallel  to  theroad,  until  the  head  of  the  Isthmus  Slough  is  reached. 
The  length  of  this  cut  (the  fourth)  is  about  3,000  feet,  its  depth  varying 
from  12  to  93  feet;  the  latter  is  the  greatest  height  of  the  summit  of 
the  divide.  The  nature  of  the  soil  is  loam  ;  some  soft  or  loose  rock  will 
be  encountered,  and  perhaps  coal  be  discovered.  The  fifth  section,  which 
will  finally  complete  the  \york,  is  through  marsh  for  some  4,200  feet,  at 
about  an  average  depth  of  0  feet.  This  cut  follows  the  line  of  the  Isthmus 
Slough.  To  recapitulate,  the  termini  of  the  proposed  canal  are  at  Low's 
place,  on  the  Coquille  liiver,  (mouth  of  Beaver  Slough,)  and  at  Aiken's 
steamboat-landing,  at  the  head  of  Isthmus  Slough,  arm  of  Cross  Bay. 
Its  entire  length  will  be  27,180  feet,  or  about  ^ve  and  one-seventh  miles. 
Owing  to  the  dibtauce  being  greater  from  the  entrance  of  the  bay  to  the 
northern  terminus  than  that  from  the  mouth  of  the  river  to  the  south- 
ern one,  and  in  consequence  of  the  different  physical  formations  of  the 
respective  localities  on  the  coast,  the  high-water  at  flood-tide  will  not 
reach  the  terminal  points  at  the  same  time,  the  interval  being  one  hour. 
No  locks,  however,  are  necessary,  the  bed  of  the  canal  being  on  the 
same  level,  unless  it  may  prove  desirable  to  retain  the  water  in  the 
canal  at  high-tides  for  some  i)urpose,  and  to  prevent  a  too  rapid  current 
from  passing  through  the  cut  on  the  occurrence  of  freshets,  or  during 
the  interval  of  high-tides  at  the  termini.  At  Aiken's  steamboat-land- 
ing the  depth  of  water  at  low-tide  is  4  feet ;  the  greatest  extreme  be- 
tween the  highest  and  lowest  water  marks  known  from  actual  observa- 
tion is  10  feet;  between  average  high  and  low  tides  there  is  5  feet.  The 
Coquille,  at  mouth  of  B  aver  Slough,  is  over  thirty  four  feet  in  depth  at 
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low-water.  The  highest  water  noted,  that  duriug  the  freshet  of  18C7, 
was  19  feet  above  the  lowest  water  gauge ;  there  the  maiu  rise  and  fall 
of  the  tide  is  also  about  5  feet.  There  Is  scarcely  any  appreciable  dif- 
ference between  the  tides  at  the  two  ends  of  the  proposed  canal. 

The  cross  sections  of  the  canal  will  be  determined  by  the  natural  slope 
of  the  soil,  which  upon  the  isthmus  divide  is  at  an  angle  of  thirty-three 
degrees,  or  b^'  the  character  of  the  rock  that  may  be  encountered.  The 
sides  of  the  cut  through  the  low,  marshy  soil  will  have  to  be  pro- 
tected by  sheet-piling  from  the  wash  of  the  tides  and  the  scouring  effects 
of  the  currents.  By  a  proper  disposition  of  the  material  removed  from 
the  cut  many  acres  of  marsh-laud  may  be  reclaimed. 

The  principal  nature  of  the  work  will  be  the  excavation  through  the 
divide ;  the  cutting  and  removal  of  timber ;  the  dredging  of  parts  of  the 
two  sloughs  5  the  cutting  of  turf  from  the  surface  of  marsh,  and  the 
clearing  off  of  brush. 

The  following  estimate  of  the  cost  of  the  work  is  respectfully  sub- 
mitted : 

Excavation  769,182  cubic  yards,  at  35  cents $269,213  70 

Dredging  225,979  cubic  yards,  at  10  cents 22, 597  90 

Clearing  surface  of  trees  and  brush,  40  acres,  at  $50 2, 000  00 

Cutting  turf  and  brush  from  surface  of  marsh,  preparatory  to  dredging..  1, 500  00 

Sheet-piling,  500,000  feet,  at  |15  per  M 7,500  00 

Engiueerin|5,  transportation,  and  superintendence 15, 000  00 

Contingencies,  10  per  cent 31,781  16 

349, 592  76 

The  sum  total  of  estimate  of  cost  of  construction  of  proposed  canal,  as 
above  computed,  is  $349,592.76. 

The  survey  was  commenced  and  completed  during  the  month  of  No- 
vember, 1873.  Since  that  time  the  maps,  estimate,  and  report  have 
been  in  course  of  preparation  when  not  interrupted  by  attendance  upon 
other  duties. 

I  am,  general,  very  respectfully,  jour  obedient  servant, 

N.  XlCHLEB, 

Major  of  Engineers^  U.  S,  A, 
Brig.  Gen.  A.  A.  Humphkeys, 

Chief  of  J'Jngineers,  U.  S.  A, 


APPENDIX  AA. 

A^^NUAL  REPORT  OF  IMAJOR  G.  H.  MEXDELli,  CORPS  OF 
ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30, 
1874. 

United  States  Engineer  Office, 

San  Francisco,  Cah,  July  21,  1874. 

General  :  I  have  the  honor  to  submit  annual  report  of  operations 
on  breakwater  at  Wilmington,  Cal.,  and  removal  of  Rincpn  Rock,  San 
Francisco  Harbor,  California,  for  the  year  ending  June  30,  1874. 
Very  respectfully,  your  obedient  servant, 

G.  H.  Mendell, 
Major  of  Engineers. 
Brig.  Gen.  A.  A.  IlrMPiiREYS, 

Chief  of  Engineers^  U,  IS»  A. 
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AA  1-2. 

BREAKWATER  AT  WILMINGTON,  CALIFORNIA. 

At  the  close  of  the  last  fiscal  j^ear  the  timber-work  along  the  line 
coDnecting  Deadmau's  and  Rattlesnake  Islands  was  completed,  and  the 
portion  of  the  line  which  Avas  to  be  built  of  stone  was  in  course  of  con- 
strnction,  and  about  two-thirds  of  it  were  completed,  leaving  a  gap  of 
600  feet  yet  to  be  filled. 

This  work  was  completed  in  the  past  year. 

A  portion  of  the  timber-line  consists  of  two  rows  of  piling,  10  feet 
apart,  which  at  the  date  of  the  last  report  stood  in  5  feet  of  water  at 
mean  low-tide.  This  portion  has  been  filled  between  the  piles,  to  the 
height  of  3  feet  above  mean  low-water,  with  stone  and  gravel. 

Both  sides  of  this  double-piled  work,  which  is  1,000  feet  in  length, 
have  been  ballasted  to  half  tide  with  stone  and  gravel,  and  the  same 
was  done  on  both  sides  of  the  single-piled  work,  for  a  distance  of  2,200 
feet. 

The  object  of  this  ballasting  is  to  protect  the  timber  from  the  attacks 
of  marine  insects. 

Two  stone  jetties  have  been  built  in  order  to  contract  the  width  of 
the  channel  aud  to  control  the  action  of  the  current.  The  effect  of  these 
jetties  has  proved  beneficial  in  deepening  the  water. 

One  of  these  jetties  was  GOO  feet  long,  and  it  was  builf  in  5  feet  of 
water  and  carried  to  half-tide  level.  The  other  jetty  was  380  feet  long, 
in  6  feet  of  water,  and  it  is  a  few  inches  above  the  plane  of  mean  low- 
water,  or  about  2  feet  above  the  low- water  of  spring-tides. 

A  number  of  short  jetties  were  built  of  timber  or  of  stone,  or  of  both, 
on  either  side  of  the  timber- work,  aggregating  700  feet  in  length.  The 
purpose  of  these  jetties  was  to  protect  the  work  from  the  action  of  un- 
dermining currents,  and  to  facilitate  the  accumulation  of  sand  along  the 
work. 

An  iron  rake  weighing  about  5,000  pounds  was  dragged  across  the 
bar  26  times  in  strong  ebb-tides.  The  effect  was  not  equal  to  anticipa- 
tion. The  fact  that  there  was  no  steamer  available  at  suitable  times, 
prevented  a  full  and  satisfactory  solution  of  the  question  whether  the 
water  could  be  cheaply  deepened  by  this  means. 

One  of  the  gaps  referred  to  in  previous  reports  as  being  fitted  with 
tide-gates  was  closed  during  the  year,  aud  the  timber-work  was  built  to 
correspond  with  the  other  portions. 

The  accumulation  of  sand  along  the  line  has  not  been  as  rapid  as  was 
hoped.  The  sand,  however,  does  accumulate.  Along  the  upper  section 
of  the  work  there  is  a  bank  of  sand  above  high-water  mark,  and  more 
than  100  feet  in  width,  for  a  distance  along  the  line  of  2,500  feet. 

During  the  winter  and  spring  a  detailed  survey  of  the  lower  part  of 
estuary  was  made  by  Lieutenant  Sears,  of  the  Corps,  who  has  been  in 
immediate  charge  of  the  work  from  its  commencement.  The  object  of 
this  survey  was  to  obtain  the  information  necessary  to  enable  an  adver- 
tisement for  completing  the  channel  to  be  issued.  In  connection  with 
this  survey  a  series  of  current-observations  was  made. 

An  advertisement  was  issued  calling  for  proposals  for  completing  the 
channel.  The  30th  of  April  was  set  to  receive  proposals.  No  offer  was 
made.  Another  call  was  issued  in  June,  under  the  instructions  of  the 
Department,  for  dredging  by  the  cubic  yard. 

Under  this  call  the  lowest  offer  made  was  49  cents  per  cubic  yard  for 
dredging  and  $2.50  per  ton  of  stone  removed  from  the  channel.    This 
24  ENG  .^  I 
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offer  is  considered  reasonable,  and  it  has  been  accepted,  subject  to  the 
approval  of  the  Chief  of  Engineers. 

This  offer,  if  carried  out,  will  make  a  channel  200  feet  wide  and  10 
feet  deep  at  mean  low- water,  at  a  cost  of  about  $60,000. 

There  will  remain  a  balance  after  this  expenditure,  which  it  is  pro- 
posed to  lay  out  in  training- walls  to  guide  the  current  and  to  maintain 
the  depth  which  may  be  secured. 

A  depth  of  10  feet  at  mean  low-water  will  make  16  feet  at  spring  tide 
high- water,  and  13  or  14  feet  at  ordinary  high-water. 

This  depth  will  enable  many  of  the  vessels  trading  to  this  point  to 
enter  the  estaary,  and  it  will  dispense  with  the  tedious  and  expensive 
system  of  lighterage  which  has  been  in  use  for  the  past  twenty  years. 

This  result  will  be  particularly  gratifying  to  the  people  of  this  neigh- 
borhood, and  indeed  it  will  be  particularly  necessary  on  account  of  the 
rapid  increase  of  trade  at  this  and  adjoining  landings. 

The  depth  of  water  now  is  something  over  4  feet  at  mean  low-water, 
which  is  a  gain  of  more  than  2  feet  since  the  work  was  commenced. 

During  the  year  the  following  amounts  of  stone  and  gravel  were 
applied  to  the  work  in  its  different  parts : 

Tonr 

To  jetty  No.  1 2,647 

To  jetty  No.  2 1,791 

To  main  line 4,149 

To  filling  double  work 2,745 

To  ballafltiug  timber-line 14,446 

Of  which  8,473  tons  were  obtained  by  days'  labor,  from  Deadinau's  Island  and  from 
the  main  shore. 
The  remainder  was  fnmished  by  different  contrtfttors. 

The  amount  expended  during  the  past  year  was $71, 025  08 

The  amount  available  for  the  year  ending  Juae  30, 1875,  is 74, 621  99 

This  sum  will,  so  far  as  can  now  be  foreseen,  complete  the  work 
according  to  the  original  project. 

It  will  be  remembered  that  it  has  always  been  expected  that  the 
accumulation  of  sand  along  the  timber-line  would  in  time  form  a  natural 
bank  of  a  substantial  character.  When  this  result  arrives  the  timber- 
work  will  have  done  all  that  was  expected  of  it.  It  will  have  served  to 
guide  the  current  for  the  interval,  and  will  have  been  a  nucleus — an  ob- 
struction to  favor  the  accumulation  of  the  sand.  But  if  this  accumula- 
tion be  too  slow,  there  may  be  reason  for  apprehension  in  that  the  tim- 
ber may  decay  or  be  destroyed,  and  the  estuary  be  again  exposed  to  the 
action  of  a  new  channel  in  the  wrong  place.  If  this  should  happen  the 
old  state  of  affairs  will  recur,  and  we  shall  again  have  but  2  feet  of  water 
at  the  entrance. 

It  has  already  been  stated  that  the  sand  accumulates  slowly. 

It  is  therefore  good  policy  to  protect  the  timber- work  more  thoroughly 
than  has  yet  been  possible.  It  ought  to  be  covered  when  exposed  with 
a  riprap  of  stone. 

The  sum  of  $30,000  is  asked  for  this  purpose. 

Financial  statement. 

Balance  in  Treasury  of  United  States  July  1, 1873 $145, 647  07 

Amount  expended  during  the  fiscal  year  ending  June  30, 1874 71, 025  Op* 

Amoiintavailahle  July  1,1874 74,621  99 

Amount  required  for  tbe  fiscal  year  ending  June  30, 1876 30, 000  00 
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AA  2. 

REMOVAL  OF  RINCON  ROCK,  SAN  FRANCISCO  HARBOR,  CALIFORNIA. 

The  bids  for  the  removal  of  this  rock  were  opened  July  1, 1873. 
They  were  three,  as  follows,  viz : 

1.  John  N.  Risdon  proposed  to  remove  the  rock  to  the  depth  of  24  feet  at  mean  low* 
water,  taking  out  4,745  cubic  yards  of  rock  for  the  sum  of  $43,000. 

2.  A.  W.  Vonschraidt  proposed  to  remove  the  rock  to  the  depth  of  20  feet,  taking  out 
1,830  cubic  yardrt  for  the  sum  of  $45,000. 

3.  Albert  Boschke  proposed  to  remove  the  rock  to  24  feet  for  $44,800. 

Early  in  July  the  harbor  commissioners  of  San  Francisco  made  request 
that  further  action  should  be  deferred  until  the  question  of  a  re-adjust- 
ment of  the  harbor-lines  should  be  concluded,  there  being  reason  to  ex- 
pect that  any  new  front  likely  to  be  adopted  would  pass  over  or  include 
within  its  limits  the  rock  which  it  was  proposed  to  remove.  In  either 
case  it  would  be  for  the  advantage  of  the  harbor  that  the  rock  should 
remain  undisturbed.  This  request  was  acceded  to  by  the  Department^ 
but  subsequently,  on  August  21,  the  instructions  which  had  been  given 
to  defer  action  were  rescinded,  and  it  was  ordered  that  a  contract  be 
entered  into  with  J.  N.  liisdou  for  the  removal  of  the  rock  to  the  depth 
of  24  feet. 

The  contract  was  signed  on  September  4,  by  which  It  was  stipulated 
that  the  work  should  be  completed  by  March  1,  1874,  with  a  provision 
for  the  extension  of  the  time  until  June  1, 1874,  in  case  the  work  should 
be  interrupted  by  the  winter  storms. 

In  May,  upon  application  by  the  contractor,  the  time  for  the  comple- 
tion of  the  work  was  extended  to  October  1,  1874.  The  work  was  com- 
menced in  October,  1873. 

To  the  close  of  the  fiscal  year  there  had  been  removed  1,650  cubic 
yards,  and  there  remained  3,100  cubic  yards  to  be  excavated  and  re- 
moved. 

For  this  work  there  has  been  paid  the  sum  if  $6,941.62,  50  per  cent. 
of  the  contract  price  being  retained  until  the  completiou  of  the  work. 
The  mode  of  doing  the  work  was  as  follows,  viz : 

A  scaffolding  was  placed  over  a  part  of  the  rock.  It  was  made  by 
driving  piles  in  rows.  The  piles  were  capped,  and  a  loose  flooring  of 
plank  was  laid.  From  this  holes  were  excavated,  first,  in  the  usual 
manner  of  blasting  by  drills  handled  by  three  men ;  afterward,  how- 
ever, the  drill  was  lifted  by  means  of  a  lever.  The  power  was  altogether 
manual. 

The  holes  were  3  inches  in  diameter,  and  they  were  sunk  generally 
about  2  feet  below  the  required  depth,  some  of  them  being  about  19  feet 
in  depth.  They  were  arranged  in  quincunx  order,  antl  were  sunk  at  in- 
tervals of  7J  feet.  The  drill  was  worked  through  an  iron  pipe  or  tube 
4  inches  in  diameter,  with  a  short  tripod  at  its  lower  extremity  resting 
upon  the  rock.  The  object  of  this  tube  was  to  guide  the  drill,  and  to 
preserve  the  hole  when  it  w^as  necessary  for  any  purpose  to  extract  the 
drill. 

When  the  hole  was  excavated,  a  gas  pipe  was  placed  in  it  to  preserve 
it  until  the  time  came  for  loading.  The  charge  was  nitro-glycerine,  or 
else  dynamite,  contained  in  paper  cartridges,  or  else  in  a  tin  cylinder,  2 
inches  in  diameter.  The  charges  were  generally  fired  by  fuse,  some 
attempts  to  apply  electricity  having  failed,  probably  from  a  defective 
arrangement  of  the  wires.  One  or  two  lines  of  charges  were  exploded 
at  once,  the  explosions  being  made  practically  simultaneous  by  proper 
adjustment  of  the  lengths  of  the  fuse.  When  the  rock  was  broken  up 
the  pieces  were  picked  up  by  a  dredger  and  placed  in  a  scow,  to  be  dis- 
charged in  deep  water.    Over  a  considerable  part  of  the  weU  4:he  depth 
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of  excavation  was  small,  beiug  only  3  or  4  feet  in  depth.  Tbis  part  of 
the  work  was  done  by  surface-blasts  of  dynamite,  contained  in  tin  cyl- 
inders, about  10  feet  in  length  and  2  or  3  inches  in  diameter. 

Financial  statement. 

Balance  in  Treasury  of  United  Statt«  July  1,  1873 $48,500  00 

Amount  in  hands  of  officer  and  subject  to  his  check 221  71 

Amount  expended  during  the  fiscal  year  endin£  June  30, 1874 8, 147  44 

Amount  available  July  1,  1874 33,632  65 


APPENDIX   AA  3. 

ANNUAL  REPORT  OF  LIEUTENANT-COLONEL  B.  S.  ALEX- 
ANDEK,  CORPS  OF  ENGINEERS,  FOR  THE  FISCAL  YEAR 
ENDING  JUNE  30,  1874. 

SAN  DIEGO  HARBOR,  CALIFORNIA. 

San  Francisco,  Cal.,  July  14, 1874. 

General  :  As  promised  in  the  closing  paragraph  of  my  letter  to  the 
Department  of  the  4th  of  June  last,  I  have  now  the  honor  to  submit 
some  further  information,  going  to  show  that  the  flood  in  the  San  Diego 
River  during  the  past  winter  has  had  the  tendency  to  fill  up  the  harbor 
of  San  Diego. 

It  will  be  remembered  that  in  January,  1872,  I  directed  Lieutenant 
Handbury  to  put  down  some  eight  or  ten  sediment-bo xes,  3  feet  square, 
in  San  Diego  Bay. 

I  quote  a  paragraph  from  my  instructions  to  him : 

These  (the  boxes)  may  be  looked  upon  as  artificial  bottoms  of  little  portions  of  the 
harbor,  which  can  be  taken  up  from  time  to  time,  particularly  after  floods,  and  exam- 
ined. The  sediment  which  they  contain  should  be  preserved  for  examiuation  and  com- 
parison with  those  you  will%btain  from  the  source  whence  they  must  be  derived. 

The  positions  of  these  boxes  are  shown  on  the  drawing  sent  with  mv 
letter  of  May  17, 1872. 

These  boxes,  when  placed,  were  raised  a  foot  or  two  above  the  bottom 
of  the  bay,  so  as  to  leave  a  current  of  water  beneath  them,  the  object 
being  to  catch  only  the  matter  held  in  suspension  during  a  flood,  and 
not  that  which  may  be  rolled  along  the  bottom  by  currents. 

On  the  9th  of  June  hist  I  directed  Lieutenant  Weeden,  then  at  San 
Diego,  to  take  up  and  examine  these  sediment-boxes,  and  also  to 
examine  the  shore-line  in  the  vicinity  of  the  mouth  of  the  San  Diego 
River.  I  now  transmit  herewith  a  co|)y  of  his  report  on  this  subject, 
consisting  of  the  report  proper,  an  outline  sketch  of  a  part  of  San  Diego 
Bay,  and  specimens  of  the  materials  found  in  the  boxes  and  on  the 
bottom  of  the  bay  alongside  of  them. 

By  superimposing  this  sketch  on  the  Coast-Survey  chart,  or  on 
Lieutenant  Haiidbury's  map,  the  position  of  the  boxes  will  be  readily 
seen. 

Tlie  sketch  shows  a  considerable  filling  out  of  the  bay  at  the  mouth 
of  San  Diego  River,  the  low-water  line  having  been  carried  out  in  one 
place  a  distance  of  nearly  800  feet  since  18G9,  the  date  of  Lieutenant 
Heuer's  survey.  All  of  this  has  been  done  during  the  last  winter  and 
spring.  It  also  shows  a  general  shoaling  of  the  water  in  the  bay.  just 
outside  of  the  low-water  line. 

An  examination  of  the  contents  of  the  "  sediment  boxes"  shows  that 
the  mriterial  in  them,  as  also  that  found  on  the  bottom  of  the  bay 
alongside  of  them,  becomes  finer  as  the  distance  from  the  mouth  of  the 
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river  increases.    This  was  to  have  been  expected,  for  the  coarser  and 
heavier  materials  will  naturally  settle  sooner  than  the  finer. 

I  think  this  examination  by  Lientenant  Weeden  fully  bears  out  the 
idea  I  expressed  in  my  letter  of  April  25,  1871,  that  the  San  Diego 
River  is  gradually  filling  up  San  Diego  Bay,  and,  in  time,  will  ruin  that 
harbor,  unless  steps  be  taken  to  preserve  it.  I  quote  the  closing  para- 
graphs of  that  letter : 

My  idea  is,  that  the  San  Diego  River— a  tnrbid  stream  in  times  of  food — entering 
the  harbor  at  A,  rolls  its  sands  into  the  bay,  which  are,  to  a  great  extent,  spread  out  or 
dissipated  by  the  tidal  currents.  But  the  waters  of  this  river,  at  such  times,  also  carry 
a  large  quantity  of  suspensible  matter  with  them.  This  suspensible  matter  makes 
mnd  when  it  is  deposited.  Now,  on  the  ebb-tide,  this  suspensible  matter  wiU  be 
carried  to  sea  and  lost  in  the  ocean,  but  on  the  flood-tide  it  wiU  be  carried  with  the 
water  toward  the  upper  portion  of  the  harbor,  where  it  will  be  deposited  at  slack 
water.  Once  on  the  bottom,  the  quiet  waters  of  this  harbor,  with  no  resultant  current, 
will  have  little  power  to  move  it.  If  I  am  correct  in  these  conclusions — and  it  is  a 
matter  which  can  easily  be  demonstrated  one  way  or  the  other  in  times  of  flood — the 
San  Diego  River  will,  in  time,  entirely  fill  up  San  Diego  Harbor,  unless  its  outlet  be 
diverted  to  the  sea  through  some  other  channel. 

In  conclusion,  I  think  that  the  San  Diego  Biver  should  be  turned, 
so  as  to  empty  into  False  Bay,  and  to  accomplish  this  object  I  recom- 
mend that  Congress  be  asked  to  make  an  appropriation  of  $80,000  for 
that  purpose. 

Very  respectfully,  your  obedient  servant, 

B.  S.  Alexander, 
Lieut.   CoL   of  Engineers. 
Brig.  Gen.  A.  A.  Humpbreys, 

Chief  of  Engineers^  U.  S.  A. 

Report  of  Lieut.  John  H.  Weeden ^  Corps  of  Engineers. 

San  Francisco,  Cai«,  July  6,  1H74. 
Colonel:  On  the  9th  of  June,  being  then  at  San  Diego.  Cal.,  I  received  from  the 
president  of  the  board  of  engineers  a  letter,  dated  June  5,  from  which  the  following 
extracts  are  made : 

•*  What  I  want  you  to  do  is  to  take  np  the  ten  'sediment-boxes'  which  Lieutenant 
Handbury  placed  on  the  bottom  of  San  Diego  Kay,  and  ascertain  the  amount  of  setli- 
ujent  which  has  been  deposited  in  each  of  them,  its  character,"  &c. 

"I  will  send  Mr.  Lewis  to  assist  yon.  He  will  take  the  drawings  and  notes  that 
were  taken  when  the  boxes  were  placed;  also  two  sextants  to  determine  the  position 

of  those  that  cannot  readily  be  found." 

»»#♦»>♦# 

Mr.  Lewis  arrived  in  San  Diego  on  the  morning  of  the  15th  of  June,  bringing  an 
additional  letter  of  instructions  from  which  the  following  extract  is  made: 

Ti>  •  *  «  *  *  •# 

"If  any  considerable  changes  have  taken  place  in  the  shore-line  or  sand  bars  about 
the  harbor,  I  wish  you  would  report  them." 

In  accordance  with  these  instructions  I  have  now  the  honor  to  submit  the  following 

REPORT. 

The  "  seiliment-boxes"  referred  to  are  described  in  Lieutenant  (now  captain)  Hand- 
bnry's  report  to  the  president  of  the  board  of  engineers  for  the  Pacific  coast,  dated 
April  25, 1872.  They  were  about  3  feet  square  by  10  inches  in  depth,  having  an  out- 
side ledge  upon  which  the  ballast  was  placed,  and  standing  upon  legs  from  15  to  20 
inches  in  height.  Their  positions  were  determined  by  sextant  angles  and  compass- 
bearings  to  known  objects.  Captain  Handbury  also  took  the  precaution  of  marking 
their  actual  positions  with  small  watch-buoys,  which,  however,  were  soon  carried 
away  by  the  sea. 

Before  the  arrival  of  Mr.  Lewis  I  had  organized  a  party  and  provided  boats  and 
apparatus  necessary  for  raising  the  boxes  when  found  ;  the  search  for  them  was  begun 
upon  the  afternoon  of  the  15th  and  continued  with  the  following  results,  premising 
hat  the  notation  used  is  the  same  as  that  upon  Captain  Handbnry's  map  : 
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Boxes  Nos.  1, 3,  and  4  were  known  to  have  gone  ashore  during  the  winter  of  1872-73. 
Box  No.  2  could  not  be  found,  the  references  being  compass  courses  to  station  d,  which 
bad  been  destroyed,  and  to  ill-defined  natural  objects.  Stations  a  and  b  had  also  been 
•  destroyed,  but  were  re-established  with  sufficient  accuracy  to  warrant  the  assertion  that 
box  No.  7  ha<l  been  removed  from  its  position,  as  it  could  not  be  found.  Boxes  Nos.  5, 
6,  8,  9,  and  10  were  found,  raised,  and  examined. 

Box  No.  5  was  much  decayed,  and  covered  wilh  oysters  and  marine  vegetation.  Tlie 
top  of  the  box  was  19  inches  above  the  bottom  of  the  bay,  and  it  contained  from  5  to 
8  inches  of  mud  and  sand,  distributed  as  shown  in  the  section.  Specimens  of  the 
t;ontents  of  the  box,  and  of  the  bottom,  at  the  same  place,  are  submitted,  marked  V  and 
Va,  respectively. 

Box  No.  6  was  in  better  preservation  than  No.  5,  but  the  general  characteristics  of  it 
were  thQ  same.  The  specimens  of  the  content*  and  of  the  bottom  adjacent  are  marked 
VI,  and  Via,  respectively.  It  contained  from  4  to  7  inches  of  earthy  matter,  dis- 
tributed, as  shown  in  the  section. 

Box  No.  8  was  14  inches  above  the  bottom,  and  was  so  much  decayed  that  it  broke 
after  being  raised  clear  of  the  water.  Its  cont<?nt«  were  distributed  as  shown  in  the 
section,  the  middle  portion  of  the  bottom  being  bare.  The  resppcfiv^e  specimens  from 
"within  the  box,  and  the  bottom  adjacent,  are  marked  VIII  and  Villa. 

Box  No.  9  was  22  inches  above  the  bottom,  and  contained'  but  about  half  an  inch  of 
sand  and  mud  evenly  distributed  over  its  bottom.  The  specimens  from  within  and 
without  are  marked  IX  and  IXa,  respectively. 

Box  No.  10  was  20  inches  above  the  bottom  of  the  bay,  and  very  much  decayed.  The 
middle  of  its  bottom  was  bare,  but  there  were  deposits  of  2^,  4,  3,  and  3^  inches  at  the 
respective  comers.  Specimens  of  the  contents  and  of  the  bottom  are  marked  X  and  Xo. 

In  view  of  the  importance  of  the  question  involved,  and  which  was  the  primary 
cause  of  this  investigation,  viz,  whether  the  harbor  of  San  Diego  is  shoaling  or  not, 
I  deemed  it  advisable  to  make  a  resurvey  of  the  low-water  line  in  the  vicinity  of 
the  mouth  of  the  San  Diego  River.  The  work  has  b%un  plotted,  and  the  results  are 
«hown  upon  the  drawing  which  is  submitted  herewith. 

In  addition  to  the  above  information,  called  for  by  the  instructions  of  the  president 
of  the  board,  I  beg  leave  tosnbmit  the  following  resume  of  phenomena,  of  which  I  have 
«  personal  knowledge. 

As  the  president  of  the  board  will  remember,  I  was  stationed  at  San  Diego  during 
the  past  vear ;  a  year  which,  on  account  of  the  great  rain-fall,  presented  unusual  oppor- 
tunities for  observing  the  effect  of  the  San  Diego  River  upon  the  regimen  of  the  har- 
bor. In  this  report  it  is  not  thought  necessary  to  consider  the  enect  of  the  Sweet- 
water and  Otay  (spelled  Ohjai  on  the  Coast  Snrvey  map)  Rivers,  which  are  small  streams 
entering  the  harbor  near  its  southern  or  upper  end  :  first,  because  the  injury  done  by 
them  is  very  small  when  compared  with  that  done  by  the  San  Diego,  and  second,  be- 
cause this  injury  is  believed  to  be  irremediable,  excepting  by  dredging,  since  the  har- 
bor presents  the  only  outlet  for  their  overflow. 

The  firat  rains  of  the  season  fell  upon  the  11th  and  12th  of  August,  1H73,  amounting 
to  1.80  inches.  So  heavy  a  rain  during  the  summer-months  was  a  most  unusual  inci- 
dent, although  not  altogether  without  precedent.  The  rail  -!all  of  the  previous  four 
years  having  been  the  minimum  known  since,  the  occupation  of  the  country,  this 
amount  was  taken  up  by  the  soil,  without  entering  the  bed  of  the  river. 

By  referring  to  the  accompanying  table,  which  is  taken  from  the  records  of  the  signal- 
service  observer  at  San  Diego,  it  will  be  seen  that  the  rainy  season  proper  began  on  the 
14th  of  November,  between  which  time  and  the  22d  of  the  same  month  0.77  inch  of 
water  fell.  The  next  rain  was  upon  the  4  th  of  December,  when  there  was  a  fall  within 
the  twenty-four  hours  of  2.52  inches.  The  rain-fall  for  the  remainder  of  the  month  was 
as  follows :  On  the  5th,  0.43  inch  ;  on  the  6th,  0.20  inch ;  7th,  0.31  inch ;  8th,  1.66 
inches  ;  9th,  0.32  inch  ;  Uth,  0.02  inch.  The  river  reached  the  mission  of  San  Diego, 
about  seven  miles  from  the  harbor,  on  the  morning  of  the  6th,  and  emptied  into  tlie 
harbor  on  the  8th,  at  the  same  time  partially  overflowing  the  flat  between  the  Bay  of 
San  Diego  and  False  Bay.    This  flow  continued  for  eight  days. 

At  the  town  of  San  Diego  the  rain-fall  for  January,  lrJ74,  was  as  follows:  On  the  2d, 
0.45  inch  ;  12th,  0.15  inch  j  16th,  0.21  inch  j  17th,  0.85  inch;  18th,  1.35  inch;  20th,  0.02 
inch;  22<1,  0.08  inch. 

The  river  emptied  into  the  harbor  for  the  second  time  at  2  a.  m.  on  the  18th,  passing 
Old  San  Diego  as  a  "  bore"  3  feet  in  height,  and  continued  flowing,  with  a  varying 
volume,  from  that  time  until  the  middle  of  June.  At  the  time  of  this  second  outflow 
the  channel  of  the  river  for  some  miles  above  its  mouth  was  filled  with  sand;  the 
water-way  was  too  small  to  afford  an  outlet  for  the  flood,  and,  in  consequence,  at  10  a. 
m.  of  the  18th  the  whole  flat  between  the  main-laud  and  Point  Loma  was  covered,  the 
water  crossing  the  divide  and  emptying  into  False  Bay,  as  well  as  into  San  Diego  Har- 
bor. This  condition  of  affairs  continued  until  the  lOth,  when  the  river  resumed  its 
natnral  channel. 

It  is  evident  that  the  comparatively  large  rain-fall  of  the  18th  could  have  had  no  part 
in  producing  the  overflow,  as  it  had  not  then  taken  place ;  it  is  equaUy  evident  that 
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the  volume  of  water  to  be  discharged  on  the  19th  was  as  large,  if  Dot  larger,  than  that 
which  sought  an  outlet  on  the  18th,  and  yet  the  river  subsided.  This  result  could  have 
been  produced  in  but  one  way,  viz.,  the  scouring  out  of  the  river-bed.  A  few  rough 
soundings,  at  different  points,  proved  this  to  have  taken  place,  as  a  depth  of  from  6  to 
14  feet  was  found. 

My  duties  in  local  charge  of  the  construction  of  the  fort  at  San  Diego  affording  me 
sufficient  leisure,  I  made  a  personal  examination  of  both  sides  of  the  river  at  every 
time,  during  the  season,  when  there  was  any  change  in  its  regimen.  These  examina- 
tions, about  twenty  in  number,  offer  cumulative  evidence  of  the  most  positive  nature 
that  large  amounts  of  sand  aud  debris  were  carried  into  the  bay,  while  the  instrumental 
survey  of  last  month  proves  conclusively  that  this  debris  was  deposited  at  the  delta 
of  the  river  and  along  the  adjacent  shores. 

In  conversation  with  the  president  of  the  board,  in  April  last,  I  stated  that  at  least 
300,000  cubic  yards  had  been  thus  deposited.  I  am  now  of  the  opinion  that  this  was  an 
under  rather  than  an  ovei-  estimate. 

If  other  evidence  were  desirable  to  prove  the  immediate  and  urgent  necessity  for 
changing  the  outlet  of  the  river  into  False  Bay,  many  collateral  facts  might  be  cited. 
For  weeks  at  a  time  during  the  freshets,  the  whole  surface  of  the  bay  was  covered  with 
river-water,  snrcharged  with  suspeusible  matter,  the  stratum  being  so  well  defined  as 
to  afford  water  suitable  for  drinking  at  a  mile  and  a  half  from  the  river's  month.  That 
the  process  of  deposition  was  going  on  is  proven  by  the  examination  of  the  flats  at  dif- 
ferent points.  The  sand  of  the  river-bed  is  peculiar  to  itself,  being  brought  down  from 
the  upper  portion  of  the  Mission  Valley,  and  utterly  wanting  in  the  lands  adjacent  to 
the  bay,  yet  this  sand  is  found  at  those  places  about  the  harbor  where  eddies  are  formed 
by  the  river  and  tidal  currents. 

A  review  of  historical  authorities  joined  with  an  examination  of  existing  facts  af- 
fords an  additional  argument  in  favor  of  the  proposed  improvement.  The  navigator 
and  explorer,  Sebastian  Vizcaino,  who  visited  this  port  in  1602,  speaks  of  False  Bay  aa 
a  good  harbor.  To-day  there  is  between  that  bay  and  the  true  harbor  a  flat  nearly  two 
roues  square,  which  has  evidently  been  deposited  by  the  river.  If  this  process  of  delta- 
formation  has  been  so  injurious  in  Ihe  past,  what  guarantee  can  there  be  for  the  future, 
excepting  the  forcing  of  the  river  into  False  Bay  f  There  is  no  alternative.  The  river 
must  be  turned,  or  a  few  years,  such  as  the  last,  will  see  the  second  harbor  on  the  Pa- 
cific coast,  and  the  only  one,  save  San  Francisco,  which  is  now  available  for  large  ships, 
degraded  to  a  slough,  navigable  oolv  by  vessels  of  the  smallest  class. 

Very  respectfully,  your  obedient  servant, 

Jno.  H.  Weed:w, 
First  Lieut.  Engineers,  U.  S.  A, 
Lieut.  Col.  B.  S  Alkxander, 

Corps  of  Engineers,  V.  S,A.,  President  Board  of  Engineers ^  ^c. 


Table  of  rain-fall  in  San  Diego  daring  the  winter  1873-74. 
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Tot4il=  14.94  inches. 

The  above  table  is  from  the  records  of  the  signal -service  observer  at  San  Diego,  and 
gives  tlie  rain-fall  in  the  town.  In  previous  years,  when  a  rain-gauge  was  kept  in  the 
mountains,  the  rain-fall  there  was  found  to  be  about  three  and  one-half  times  greater 
than  that  at  the  bay.  This  same  ratio  is  presumed,  from  the  testimony  of  competent 
judges,  to  have  obtained  during  the  past  year. 
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APPENDIX  AA  4. 

ANNUAL  BEPOBT  OF  LIEUTENANT  COLONEL  C.  SEAPORTH 
STEWART,  CORPS  OF  ENGINEERS,  FOR  THE  FISCAL  YEAR 
ENDING  JUNE  30,  1874. 

EXAMINATION  AT  SANTA  CRUZ,  CALIFORNIA. 

San  Francisco,  Cal.,  July  26, 1873. 

Sir  :  By  letter  from  the  OfBce  of  the  Chief  of  Engineers,  dated  Wash- 
ington, D.  C,  March  19, 1873, 1  was  notified  that  under  the  provision^* 
of  act  of  Congress  approved  March  3, 1873,  an  examination  or  survey 
was  to  be  made  at  Santa  Cruz,  CaL,  in  my  district. 

As  it  was  found  upon  inquiry,  and  by  examination  of  such  charts  a» 
could  be  procured,  that  no  change  sufBciently  great  to  require  a  resurvey 
had  probably  taken  place  in  this  harbor,  it  was  believed  an  examination 
would  give  data  upon  which  to  base  a  project  for  its  improvement. 
During  the  month  of  June,  under  orders,  I  went  to  Santa  Cruz,  made 
an  examination  of  the  harbor,  and  now  report  as  follows : 

Santa  Cruz  is  situated  a  short  distance  inland  from  the  north  shore 
of  Monterey  Bay,  and  chiefly  on  the  right  bank  of  the  San  Lorenzo. 
This  during  the  dry  season  is  a  mere  rivulet,  but,  at  times,  in  the  rainy 
season,  bears  along  a  large  body  of  water. 

In  the  town  and  its  vicinity  are  many  manufactories.  There  are  ex- 
tensive powder-works,  some  seven  or  eight  tanneries,  limekilns,  saw- 
mills, soap  and  glue  factories,  and  a  foundery.  From  statistics  fur- 
nished me,  it  would  appear  that,  during  the  year  1872,  about  150,000 
kegs  of  powder,  from  90,000  to  95,000  barrels  of  lime,  from  7,000,000 
to  8,000,000  feet  of  lumber,  and  some  90,000  sides  of  leather,  with  other 
articles,  were  shipped  from  the  two  wharves,  the  money-value  of  those 
exports  being  estimated  at  more  than  $1,100,000  in  coin.  The  im- 
ports, including  about  1,200  tons  of  nitrate  of  soda  and  325  of  sulphur, 
are  estimated  at  over  $730,000  in  value. 

There  is  a  weekly  line  of  steamers,  that  of  Goodall,  Nelson  &  Per- 
kins, running  to  and  from  San  Francisco.  Owing  to  climate,  local  at- 
tractions, sea-bathing,  &c.,  Santa  Cruz  is  quite  a  resort  for  strangers. 

The  harbor  lies  at  the  northwest  extremity  of  the  Bay  of  Monterey, 
and  is  perhaps  one  and  a  half  miles  in  length  from  east  to  west,  by  about 
three-fourths  of  a  mile  from  north  to  south.  The  holding-ground  for 
vessels  is  good.  The  land  aflPbrds  protection  from  winds,  going  around 
by  the  north,  from  the  west  to  the  south.  The  harbor  is  open  to  winds 
and  seas  from  the  southward.  The  heaviest  seas  are  said  to  come  in 
from  the  south  to  the  south-southwest,  during  southerly  gales,  in  the 
winter-months.    A  breakwater  would  protect  the  anchorage  from  these. 

There  is  forwarded  herewith  a  tracing  of  the  shore-line  and  soundings 
of  this  harbor,  obtained  from  the  United  States  Coast  Survey,  and  on 
it  are  sketched  the  position,  i)lan,  and  vertical  cross-section  of  such  a 
structure. 

The  usual  entrance  would  be  to  the  eastward.  Should  it  be  found  the 
interval  at  the  west  end  allows  too  heavy  a  sea  to  pass  in,  an  additional 
work,  some  430  yards  in  length,  might  be  constructed  from  Point  Santa 
Ciuz  to  cover  this  gap. 
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To  make  a  correct  estimate  of  the  cost  of  such  a  work  is  diflScult.  On 
this  coast  materials  and  labor  are  high.  The  tendency  of  trades  unions* 
and  legislation  has  been  to  increase  the  cost  of  both,  and  to  lengthen 
the  time  of  construction  of  any  important  work.  Appropriations  ar& 
not  made  in  a  lump,  but  by  yearly  installments,  and  these  may  be  inter- 
mitted. Contracts  must  therefore  be  limited  to  these  yearly  amounts, 
and  cannot  be  made  to  the  greatest  advantage.  After  the  work  is  be- 
gun, changes  in  currents  dne  to  it  may  cause  the  formation  of  shoals, 
and  these  may  render  it  necessary  to  suspend  operations  for  a  longtime, 
to  ascertain  the  ultimate  character  and  dimensions  of  the  deposits. 
In  the  mean  time  the  unfinished  structure  may  be  greatly  damaged 
by  the  action  of  storm-waves,  thns  adding  largely  to  the  ultimate  cost. 
For  some  of  these  reasons,  the  Delaware  breakwater,  to  say  nothing 
of  any  other,  was  some  forty  years  under  construction,  and  was  never 
built  of  the  intended  dimensions.  It  does  not  contain  one-third  of  the 
material  required  for  the  one  now  under  consideration.  This  work,  if 
ever  undertaken,  may,  from  like  causes,  linger  on  to  completion  through 
75  or  100  years.  The  foregoing  elements  of  uncertainty  have  been,  as 
far  as  practicable,  taken  into  account  in  determining  the  following  esti- 
mate. It  is  also  based  on  the  supposition  the  breakwater  is  to  be  con- 
structed of  stone  of  suitable  forms,  sizes,  and  character,  and  in  the 
general  way  like  works  have  been  in  some  cases  heretofore. 

Limestone  and  granite  are  to  be  found  within  a  few  miles  of  Santa 
Cruz,  and  granite  near  Monterey. 

In  the  position  given  this  work,  the  average  depth  at  mean  low-water 
is  7  fathoms.  For  a  running  yard,  lengthwise,  we  have  1,004.8  cubic 
yards  of  stone,  if  we  suppose  no  voids.  Considering  these,  and  calling 
two-thirds  solid  material,  which  will  perhaps  be  fair,  including  what 
will  be  required  for  the  ends,  and  for  what  may  be  scattered  by  storms- 
dnring  the  necessarily  long  period  of  construction,  we  get  669.8  cubic 
yards,  or,  as  one  cubic  yard  will  weigh  about  two  tons,  1,339.6  tons  for 
every  yard  in  length.  It  is  thought  every  ton  in  place  will  cost  about 
$3  in  coin,  or  $3.45  in  legal-tenders.  This  would  give,  in  the  latter, 
$4,621.62  per  running  yard.  A  length  of  3,300  yards  would  then  cost 
$10,629,726.  Should  the  auxiliary  construction  off  Point  Santa  Cruz  be 
made,  it  would  require  about  190,000  tons,  or  an  additional  expense  of 
$655,500  in  legal-tenders. 

The  present  necessities  of  commerce,  to  my  mind,  do  not  justify  alike 
expenditure;  therefore  it  is  not  believed  anything  can  be  expended 
profitably  on  this  work  during  the  next  fiscal  year. 

Santa  Crnz  is  in  the  collection-district  of  San  Francisco.  That  city  is  the  nearest' 
port  of  entry. 

The  nearest  fort  is  that  of  Fort  Point,  at  entrance  to  harbor  of  San  Francisco.  The 
neareat  light-honse  is  Santa  Cruz  light. 

The  amonnt  of  commerce  and  navigation  that  would  be  benefited  by  the  completion 
of  the  work  is  indeterminate. 

The  amonnt  of  revenue  collected  at  San  Francisco  during  the  last  fiscal  year  is  re- 
ported at  $8,065,988.21. 

For  statistical  and  other  information  I  am  indebted  to  the  collector  of 
the  port  of  San  Francisco,  to  Mcsssrs.  Davis  and  kelson,  and  Captains 
Johnson  and  Hobun,  in  their  employ, 
liespectfully  submitted. 

C.  Seaforth  Stewart, 

Lieiit  Col.  of  Engineers. 
Brig:.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers  J  U,  S.  A. 
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AA  5. 

SAN  ANTONIO  CREEK,  SAN  FRANCISCO  BAY,  CALIFORNIA. 

Report  of  tJie  Board  of  Engineers. 

San  Francisco,  Cal.,  February  16, 1874. 

General  :  The  board  of  officers  constituted  by  Special  Orders  No. 
32,  headquarters  Corps  of  Engineers,  Washington,  D.  C,  March  24, 
1873,  for  the  purpose  of  making  the  examination  and  survey  and  plan 
of  a  harbor  for  San  Antonio  Greek,  California,  provided  for  in  section  2 
of  the  act  making  appropriations  for  rivers  and  harbors,  approved 
March  3,  1873,  has  the  honor  to  submit  the  following  report : 

As  a  preliminary  step  to  the  investigation  of  this  subject,  the  board 
caused  a  map  of  San  Antonio  Estuary  and  Bar,  and  of  San  Leandro  Bay, 
to  be  prepared  from  the  best  attainable  information. 

This  map  embraces  the  peninsula  between  these  two  bodies  o^  water, 
the  city  of  Oakland  on  the  north  side  of  San  Antonio  Estuary,  and  the 
marshes  and  sloughs  on  the  east  and  south  of  San  Leandro  Bay. 

The  map  also  shows  the  depth  of  water  iu  these  two  bays,  the  sound- 
ings being  referred  to  the  plane  of  mean  low- water,  as  established  by 
the  United  States  Coast  Survey. 

The  sloping  shore  is  shown,  with  its  depth  of  water  at  low-tide,  from 
a  point  north  of  the  present  city  of  Oakland  to  a  position  opposite  to 
the  entrance  to  San  Leandro  Bay. 

The  board  also  caused  special  surveys  to  be  made  : 

Ist.  Of  the  vicinity  of  the  entrance  to  San  Lsandro  Bay. 

2d.  Of  a  line  for  a  tidal  canal,  to  connect  the  waters  of  San  Autouio 
Estuary  with  those  of  San  Leandro  Bay. 

•  Tracings  of  the  map  and  of  the  two  special  surveys,  marked  ISo.  1  and 
No.  2,  are  inclosed  herewith. 

The  board  also  caused  various  borings  to  be  made  in  order  to  ascer- 
tain the  nature  of  the  material  with  which  it  will  have  to  deal  iu  execut- 
ing the  suggested  improvement  of  San  Antonio  Estuary. 

Many  of  these  borings  are  tabulated  ou  the  map,  and  others  shown  in 
the  sections  on  that  map,  and  on  Nos.  1  and  2. 

The  board  also  caused  simultaneous  tidal  observations  to  be  made  in 
San  Antonio  Estuary  and  in  San  Leandro  Bay,  in  order  to  ascertain  if 
there  was  a  difference  in  the  times  of  high  and  low  tide  in  these  two 
bodies  of  water,  or  a  difference  in  the  elevation  of  the  water  above  a 
common  0  for  the  similar  phases  of  the  tides. 

The  results  of  these  tidal  observations  are  platted  on  the  paper 
marked  3. 

The  positions  of  the  two  tidal  stations  are  laid  down  on  the  map. 

These  tidal  observations  show  that  the  water  rises  a  little  higher  and 
falls  a  little  lower  iu  San  Leandro  Bay  than  it  does  in  San  Antonio 
Estuary;  the  mean  difference  in  the  range  of  the  tides  of  these  two  bays 
being  about  four-tenths  (■^\)  of  a  foot. 

It  will  also  be  observed  that  the  times  of  high  and  low  water  are  later 
in  San  Leandro  Bay  than  in  San  Antonio  Estuary ;  the  mean  difference 
iu  time  being  about  one  hour. 

In  considering  a  "  plan  of  harbor"  for  San  Antonio  Estuary,  we  sup- 
pose we  are  to  inquire  to  what  extent  this  estuary  can  be  developed  so 
as  to  make  it  a  commercial  harbor;  the  number  and  character  of  vessels 
it  could  accommodate,  if  so  developed,  and  the  cost  of  such  an  enter- 
prise. 
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After  a  careful  study  of  our  maps  and  examiDation  of  the  ground, 
and  all  the  surrounding  circunistances,  we  have  arrived  at  certain  con- 
clusions on  these  subjects,  which  we  now  proceed  to  state: 

The  estuary  of  San  Antonio  receives  the  drainage  of  only  a  small 
tract  of  country  to  the  eastward  of  the  city  of  Oakland,  and  having  no 
large  stream  emptying  into  it  to  give  a  resultant  current,  it  is  doubtless 
slowly  filling  up  by  sediment  brought  into  it  froui  the  surrounding  shores 
during  the  rainy  season. 

The  estuary,  it  will  be  noticed,  spreads  out  at  its  upper  end,  so  that 
it  is  much  wider  there  than  it  is  lower  down. 

This  upper  portion  is  very  shallow,  a  great  part  of  it  being  bare  at 
low  watei*. 

It  is  the  water,  however,  which  this  wide  but  shallow  portion  of  the 
estuary  holds  at  high-tide,  together  with  that  contained  in  the  sloughs 
and  over  the  adjacent  marshes,  which  scours  out  a  considerable  channel 
in  the  narrow  portions  on  the  ebb-tide  when  it  becomes  concentrated. 

An  examination  of  the  map  will  show  that  off  the  end  of  Hibbard's 
wharf,  where  the  channel  is  narrow,  there  is  a  depth  of  twenty-two  feet 
of  water  in  one  place  at  low-tide. 

Again,  at  the  mouth  of  the  arm  of  the  estuary  forming  Lake  Merritt, 
where  it  is  again  narrow,  the  depth  increases,  so  that  we  find  twenty- 
three  feet  in  one  place  at  low  water. 

Still  again,  at  the  entrance  of  the  estuary  and  for  some  distance  out- 
side of  it,  we  have  a  depth  of  water  ranging  from  twelve  to  eighteen 
feet  at  low- water. 

But  as  we  go  outside,  the  water  flowing  out  of  the  estuary  is  dispersed 
over  a  large  area,  and  the  depth  gradually  diminishes  until,  at  the  dis- 
tance of  a  little  more  than  a  mile  from  the  entrance,  a  bar  is  formed, 
having  only  about  two  feet  of  water  over  it  at  low- water. 

It  is  a  natural  inference,  therefore,  to  conclude  that  it  is  the  scouring 
effect  of  the  water  flowing  out  of  the  estuary  which  maintains  a  channel 
of  considerable  depth  wherever  the  water-way  is  sufficiently  contracted 
to  develop  the  necessary  velocity  of  current. 

And  we  are  forced  to  the  conclusion  that,  if  the  water  of  the  ebb- 
tide could  be  confined  to  a  narrow  passage  Irora  the  entrance  of  the 
estuary  out  to  deep  water  of  San  Francisco  Bay,  a  cliauuel  would  be 
scoured  out  to  that  bay,  the  depth  of  water  .in  such  channel  becoming 
greater  as  the  width  of  the  passage  diminished. 

We  speak  of  the  ebb-current  as  doing  this  work,  because  it  is  a  well- 
known  fact,  in  relation  to  tidal  harbors,  that  the  greater  portion  of  the 
scour  of  channels  is  done  by  the  ebb-tide.  The  flood-current  has  com- 
paratively little  influence  in  scouring  out  a  channel,  because  it  is  dis- 
j>er8ive,  while  the  ebb-current  is  concentrative. 

The  greater  scouring  effect  of  the  ebb-tide  is  also  due,  in  this  case,  to 
the  manner  in  which  the  tides  rise  and  fall  in  the  bay  of  San  Francisco ; 
commencing  at  low-water  large,  the  tide  rises  to  high-water  small,  then 
falls  to  low-water  small,  then  rises  to  high- water  large,  then  falls  to  low- 
water  large  again. 

Thus  we  have  two. steps  to  get  from  low- water  large  to  high- water 
large,  while  we  have  but  one  step  to  get  back  again  from  high-water 
large  to  low-water  large.  It  is  the  scouring  effect  of  this  large  ebb-tide 
which  ke^ps  this  channel  open,  and  of  considerable  depth  where  it  is 
sufficiently  contracted. 

We  may  observe  that  it  is  the  latter  portion  of  the  ebb-current  which 
is  the  most  concentrated,  and  which  produces  the  greatest  scouring. 

It  follows,  therefore,  that  one  of  the  first  steps  looking  to  the  im- 
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provement  of  the  entrance  to  this  estuary  is  to  contract  the  water-way 
over  the  bar. 

The  best  method  of  making  this  contraction  appears  to  as  to  be  by 
two  parallel  training-walls  of  stone.  The  positions  of  these  walls,  with 
their  proposed  sections,  are  shown  in  detail  on  the  map. 

In  order  to  afford  the  necessary  room  for  navigation,  these  walls  are 
placed  one  thousand  feet  apart  from  center  to  center  of  walls. 

If  it  be  found  in  time  that  a  narrower  passage  will  be  more  easily 
maintained  at  the  necessary  depth,  the  width  can  be  easily  and  cheaply 
reduced  by  short  wing-dams  run  out  on  one  or  both  sides  of  the  channel. 

It  will  be  noticed  that  the  constructions  we  propose  do  not  rise  to  the 
full  height  of  the  tide.  We  place  the  top  of  the  two  walls  at  the  height 
of  four  feet  above  low-water,  so  that  they  will  be  entirely  submerged  at 
high- water.  This  insures  that  the  estuary  will  be  entirely  filled  by  each 
high-tide,  for  the  last  of  the  flood  will  run  freely  over  these  walls,  while 
the  first  part  of  the  flood-tide  and  the  last  of  the  ebb-tide — which  latter 
does  the  principal  work  of  scouring — are  guided  and  confined  between 
the  two  walls. 

Our  borings  on  the  bar  at  the  mouth  of  San  Antonio  Estuary  show 
that  this  bar  is  composed  of  hard  sand  to  a  depth  of  two  or  three  feet, 
but  below  this  there  is  a  stratum  of  mud,  soft  sand,  and  broken  shells 
nearly  to  the  depth  of  the  proposed  channel  of  entrance,  to  be  hereafter 
described ;  and  below  this,  in  places,  hard  sand  is  again  found.  This  is 
a  very  favorable  condition  of  things  for  obtaining  a  channel  across  or 
through  this  bar,  either  by  dredging  or  by  the  action  of  the  current 
when  it  is  confined. 

In  fact,  we  believe,  for  the  reasons  already  given,  that  in  one  or  two 
years  after  these  walls  are  constructed  the  current  would,  without  other 
aid,  wash  out  a  channel  between  them  of  some  twelve  or  fourteen  feet 
in  depth  at  low  water,  approximating  in  width  and  depth  to  the  present 
channel  in  the  estuary  above. 

Such  a  channel  would  be  permanent,  and  it  could  be  obtained  at  much 
less  cost  than  by  dredging. 

The  work  that  is  necessary  to  be  done  to  convert  San  Antonio's  Estu- 
ary into  a  good  harbor  for  commercial  purposes  naturally  divides  itself 
into  three  parts : 

1.  That  connected  tcith  the  entrance. 

2.  The  harbor  proper. 

3.  A  tidal  basin. 

For  the  sake  of  easy  reference,  we  have  designated  these  portions  oa 
the  map  herewith  by  the  letters  A,  B,  G. 

The  entrance  A  is  bounded  on  the  northern  and  southern  sides  by 
the  two  submerged  "  training-walls." 

The  harbor  B  is  to  be  inclosed  on  the  Oakland  and  Alameda  shores 
by  bulk-heads,  either  of  wood  or  stone,  filled  in  behind,  so  that  the  en- 
tire length  of  these  bulk-heads  becomes  available  as  wharves.  Vessels 
lying  alongside  of  these  wharves  will  have  their  keels  parallel  to  the 
direction  of  the  currents  both  of  flood  and  ebb-tides. 

The  tidal  basin  C  is  to  be  excavated  to  the  depth  of  two  feet  below 
low- water,  so  that  its  entire  tidal  area  will  be  available  when  the  wants 
of  commerce  will  justify  the  expenditure.  Of  course  this  space  may 
also  be  excavated  to  any  required  depth,  and  surrounded  by  a  bulk- 
head, thus  converting  it  also  into  a  commercial  harbor. 

But  this  tidal  basin,  O,  even  when  excavated  so  as  to  make  its  entire 
tidal  prism  available  for  scour,  will  not  be  large  enough  to  contain  a 
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quantity  of  water  saflScient  to  open  and  maintain  a  wide  and  deep  chan- 
nel of  entrance  between  the  training-walls  and  in  the  harbor  B. 

Rather  than  incur  the  heavy  expense  of  dredging  out  these  channels, 
and  the  annual  cost  of  maintaining  them  of  the  requisite  depth,  we 
have  sought  for  a  cheaper  mode  of  construction,  and  one,  too,  by  which 
the  depth  of  water  in  the  harbor  and  the  approach  to  it  will  be.  pre- 
served without  the  necessity  of  constant  dredging. 

Fortunately,  such  a  plan  is  almost  provided  by  nature. 

If  the  capacity  of  the  tidal  basin  C  could  be  greatly  increased  in  size, 
say,  so  as  to  double  the  present  quantity  of  water  flowing  into  and  out 
of  San  Antonio  Estuary,  the  escaping  water  of  the  ebb-tide  in  the  case 
supposed  would  scour  out  and  maintain  a  channel  very  much  wider  and 
deeper  than  the  present  one. 

We  propose  to  double  the  quantity  of  water  flowing  into  and  out  of 
San  Antonio  Estuary  by  connecting  that  estuary  with  San  Leaudro  Bay 
by  a  tidal  canal  of  the  proper  size  to  insure  the  filling  and  emptying  of 
that  bay  at  each  flood  and  ebb  tide.  For  this  purpose  a  dam  across 
the  present  mouth  of  San  Leandro  Bay  will  be  necessary. 

Such  a  canal  and  dam  are  shown  in  the  map  herewith. 

It  will  be  noticed  that  this  dam  is  not  shown  to  the  full  height  of 
high-water.  To  insure  the  filling  of  this  bay,  we  only  build  the  dam  to 
the  height  of  four  feet  above  low-water  level,  which  is  the  same  as  the 
height  of  the  training-walls  already  described. 

The  flood-tide  when  it  reaches  this  height  will  then  flow  freely  over 
the  proposed  dam,  and  add  greatly  to  the  quantity  of  water  entering 
the  bay  through  the  canal. 

Of  course  during  the  first  part  of  the  ebb-tide  the  water  will  escape 
over  the  top  of  this  dam,  but  after  the  water  has  reached  the  level  of 
the  top  of  the  dam  all  the  remaining  water  in  San  Leaudro  Bay  must 
escape  through  the  canal  into  San  Antonio  Estuary. 

It  is  possible  that  in  the  future  it  may  be  well,  in  order  to  add  to  the 
scouring  eflect  in  San  Antonio  Estuary,  to  force  all  the  tidal  prism  in  San 
Leandro  Bay  to  escape,  at  least  during  certain  tides,  through  the  canal. 

To-aecompliah  this,  we  have  sketched  automatic  tide-gates  on  the  top 
of  the  dam  across  the  entire  width  of  the  entrance  to  San  Leandro  Bay 
from  shore  to  shore. 

These  gates  would  be  so  arranged  as  to  let  the  flood-tide  flow  freely 
into  the  bay,  but  would  close,  unless  prevented  fronf  doing  so,  the  mo- 
ment of  the  beginning  of  the  ebb  current. 

Cable  feet 
The  cnbical  contents  of  tlie  tidal  prism  of  San  Leandro  Bay,  as  it  is  at 

the  present  time,  for  a  rise  and  fall  of  tide  of  six  fi^tj  is  equal  to 165, 000, 000 

Of  the  proposed  canal 20, 000, 000 

Total  additional  tidal  prism  in  these  two  bodies  of  water lyS,  000, 000 

The  cubical  contents  of  San  Antonio  Estuary,  as  it  is  at  present,  are 
157,000,000  cubic  feet. 

So  we  see  that,  when  the  whole  tidal  prism  of  San  Leandro  Bay  is 
forced  to  flow  out  through  the  canal  into  San  Antonio  Kstuary,  the  quan- 
tity of  water  escaping  through  that  estuary  on  the  ebb-tide  would  be 
considerably  more  than  doubled. 

Exactly  what  effect  doubling  this  quantity  of  water  would  have  in 
deepening  the  channel  in  San  Antonio  Estuary  and  the  entrance  be- 
tween the  two  training-walls  it  is  difficult  to  say  or  to  calculate. 

We  could  apply  the  usual  hydraulic  formulas  governing  the  flow  of 
water  in  such  cases  to  the  new  condition  of  things  when  the  whole  tidal 
X>risra  in  San  Leandro  Bay  and  the  proposed  canal  are  fprped  to  pass 
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through  San  Antonio  Estuary,  but  we  do  not  thiuk  it  necessary  to  en- 
cumber this  report  with  them  further  than  to  show  the  result  at  which 
we  have  arrived.  To  do  this,  let  us  examine  the  circumstances  at  a 
single  point  only — say  the  mouth  of  San  Antonio  Estuary.  We  will 
state  that — 
The  area  of  a  cross-section  at  the  mouth  of  San  Antonio  Estuary  at 

high-water  mark  =  12,  302  square  feet. 
Area  at  low- water   =    5, 012  square  feet. 

2)17,  314 


Mean  area 8, 657  square  feet. 

Comparing  this  mean  section  with  the  tidal  prism  of  the  estuary, 
there  results  for  a  6  foot  tide  a  mean  velocity  of  0.838  foot  per  second. 
Now,  when  the  whole  quantity  of  water  flowing  out  of  this  estuary  is 
more  than  doubled,  as  it  will  be  when  the  tidal  prism  of  San  Leaudro 
Bay  and  the  canal  are  forced  through  it,  the  mean  velocity  of  the  escap- 
ing tide  will  be  fully  doubled,  and  the  water  will  begin  to  scour  for  it- 
self a  deeper  and  wider  channel,  until  an  equilibrium  is  established 
between  the  strength  of  the  current  and  the  resistance  of  the  particles 
to  be  moved.  Then  the  size  of  the  channel  will  become  fixed,  and  its 
depth  will  remain  i)ermanent. 

Exactly  what  depth  of  water  would  be  obtained  by  the  proposed  con- 
structions is  a  question,  as  we  have  already  observed,  which  it  is  impos- 
sible to  foresee.  Hut  as  the  present  depth  of  water  at  the  point  we  have 
chosen  for  illustration  is  14  feet  at  low  water  at  the  present  time,  and 
as  the  material  to  be  removed  in  order  to  obtain  a  deeper  channel  is 
generally  soft  mud,  like  that  on  the  present  bottom  and  sides  of  the 
channel,  we  think  it  entirely  reasonable  to  conclude  that,  when  the  tidal 
currents  flowing  through  this  channel  are  fully  doubled  in  volume,  the 
depth  of  the  channel  will  be  increased  18  or  20  feet  at  low-tide. 

The  same  remarks  apply  to  the  depth  of  water  in  the  entrance 
between  the  two  training- walls,  but  with  still  greater  force ;  for  the  ma- 
terial to  be  moved  there,  except  for  2  or  3  feet  on  the  surface,  is  of  the 
same  general  character  as  that  in  the  estuary,  and  the  scouring  effect 
there  would  vary  as  the  quantities  of  tide-water  that  lay  above  any 
given  section-line. 

The  order  in  which  this  work  should  be  executed  would  be  as  follows: 

First.  Construct  the  two  submerged  training-walls,  beginning  at  the 
shore  and  carrying  them  out  simultaneously,  terminating  them  about  the 
points  indicated  on  the  drawing. 

Within  a  year  after  these  walls  shall  have  been  completed,  with  per- 
haps a  little  dredging  to  break  the  hard  sand  on  the  surface  so  ivs  to 
direct  the  course  of  the  scour  downward  into  the  soft  material,  instead 
of  leaving  it  spread  out  over  the  entire  surface  of  harder  material,  we 
are  of  the  opinion  that  a  channel  would  be  scoured  out  between  these 
walls  of  some  12  to  14  feet  in  depth  at  low-tide.  This  of  itself  would  be 
a  great  advantage  to  San  Francisco  and  Oakland,  as  well  as  to  the 
traveling  community  generall3^  For  then  all  ferry-boats,  river  and  bay 
steamers  could  pass*  freely  from  San  Francisco  or  other  points  on  the  bay 
to  wharves  at  Oakland,  instead  of  lauding,  as  they  now  do,  at  the  end  of 
a  wharf  some  two  miles  from  shore,  and  carried  thence  on  cars  over  a 
wooden  bridge,  which,  however  carefully  watched,  many  persons  fear 
will  some  day  or  other  be  the  cause  of  a  serious  accident. 

As  there  are  now  some  sixty-seven  thousand  overland  passengers 
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and  two  million  ferry  passengers  for  Oakland  and  the  neighborhood 
passing  over  this  long  bridge  yearly,  the  importance  of  the  considera- 
tion above  mentioned  will  be  manifest. 

Second.  Excavate  the  canal  between  San  Antonio  Estuary  and  San 
Leandro  Bay. 

Third.  Construct  the  dam  at  the  mouth  of  San  Leandro  Bay. 

Fourth.  Excavate  the  tidal  basin  G.  ' 

Then,  after  the  expiration  of  one  or  two  years,  or  when  the  new  tidal 
prisms  have  done  their  work,  we  will  know  what  excavation  will  be 
necessary  to  enable  the  largest  ships  to  enter  the  new  harbor,  so  as  to 
**  bring  ship  and  car  together." 

We  proceed  to  give  an  approximate  estimate  of  cost  for  executing 
this  work  according  to  the  designs  shown  in  the  drawing : 

J . — ^Nnmber  of  cnbio  yards  of  stone  in  the  training-walls 127, 200 

Number  of  cnbic  yards  of  stone  in  the  aprons,  snpposing  them 
to  be  20  feet  square  and  2  feet  thick,  and  placed  100  feet 
apart  between  centers 6,650 

Total  cnbio  yards  of  stone  in  training-walls 133, 850 

Which,  at  $3  per  yard,  amounts  to $401,550  00 

In  this  estimate  we  have  diregarded  the  void  spaces  between  the 
stin^^,  which  will  be  a  liberal  allowance  for  the  settlement  of  the  stone 
in  the  sand,  and  for  the  stone  that  may  be  washed  away  by  storms 
daring  the  construction. 

We  allow  two  tons  of  two  thousand  (2,000)  pounds  each  to  the  cubic 
yard. 

We  suppose  the  stone  to  be  obtained  at  Yerba  Buena  Island. 

Dredging, 

To  dredge  a  channel  between  training-walls  100  feet  wide  and  to  a 
depth  of  6  feet  below  low-water,  removing  thereby  the  hard  sand  on 
the  surface  of  the  bar,  113,300  cubic  yards,  at  30  cents  per  cubic  yard..  33, 990  00 

435, 540  00 
Add  10  per  cent,  for  contingencies 43, 554  00 

479,094  00 

2. — Excavation  of  canal, 

Knmber  of  cubic  yards  of  excavation  in  the  canal  to  give  a  depth  of  8 
feet  of  water  at  low-tide  from  San  Antonio  Estuary  to  San  Leandro 

Bay  2,329,980,  at  15  cents  per  cubic  yard $349,497  00 

We  have  put  the  estimate  for  the  excavation  of  the  canal  at  a  low 
figure,  because  we  suppose  the  excavated  material  can  be  used  for  fill- 
ing up  the  marshes  in  the  rear  of  the  bulk-heads  at  Oakland  and  Ala- 
meda, and  that  whoever  makes  this  excavation  will  also  fill  in  these 
marshes. 

The  same  remarks  apply,  though  to  a  less  extent,  to  our  estimate  for 
the  dredging. 

3.— Dam. 

At  the  mouth  of  San  Leandro  Bay.    Number  of  cubic  yards  of  stone  in 

the  dam,  21,670,  at  |3  per  cubic  yard 65,010  00 

4.— Tidal  Basin  C. 

Number  of  cubic  yards  of  excavation  to  give  a  depth  of  2  feet  below  low- 
water,  3,198,100,  at  25  cents  per  cubic  yard 799,525  00 

1,214,032  00 
Add  10  per  cent,  for  contingencies 121,403  20 

Total  cost  of  Nob.  2, 3,  and  4 1,335,435  20 
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At  this  point  our  estimate  ends.  We  suppose,  if  the  United  States 
undertakes  the  improvement  of  San  Antonio  Estuary  it  will  confine  its 
•e£forts  to  making  the  harbor  accessible  for  the  usual  sea-goin^  vessels, 
and  to  securing  the  natural  forces  of  conservation  by  providing  the 
maximum  available  tidal  areas. 

This  done,  whatever  shall  remain  in  the  way  of  providing  conveniences 
and  accommodations  for  commerce,  may,  we  think,  with  propriety^  be 
left  to  the  commercial  interests  concerned. 

Possibly  some  future  work  may  be  required  to  obtain  the  necessary 
depth  of  water  between  the  two  training-walls.  This  may  be  done  at 
first,  as  we  have  stated  above,  by  short  wing-walls  thrownout  on  either 
side  of  the  channel,  thereby  confining  the  water-way  to  a  width  sufficient 
to  maintain  the  requisite  depth. 

As  commerce  increases,  the  ends  of  these  wing- walls  can  be  taken  up, 
and  the  width  of  the  channel  of  approach  increased  from  time  to  time, 
if  necessary,  by  dredging. 

Here  we  ought  to  state,  that  if  our  only  object  had  been  to  provide  a 
narrow  and  deep  channel  of  entrance  to  San  Antonio  Estuary,  we  would 
^lave  placed  the  training- walls  only  about  500  feet  apart;  but  looking 
to  the  probable  future  wants  of  this  harbor  when  its  commerce  may  be 
lav^e,  we  thought  it  best  to  provide  a  wider  entrance. 

When  the  work  we  have  described  is  completed,  Oakland  and  Alameda 
will  have  a  fine  land-locked  harbor  or  basin  at  B,  capable  of  accommodat- 
ing forty  large  ships  at  the  same  time  alongside  their  wharves,  with 
room  for  as  many  more  at  anchor  in  the  estuary,  and  have  room  besides 
for  as  many  ferry-slips  as  would  be  wanted  to  accommodate  travel. 

Oakland  is  not  a  port  of  entry,  the  nearest  port  being  San  Francisco, 
distant  about  five  miles.  Oakland  is  so  intimately  connected  with  San 
Francisco  that  the  interests  of  the  two  cities,  if  not  identical,  are  as 
nearly  allied  as  those  of  New  York  and  Brooklyn. 

We  learn  from  the  newspapers  of  the  day  that  there  were  67,000 
overland  passengers,  2,000,000  ferry  passengers,  $32,000,000  in  treasure 
from  the  mines  of  California  and  Nevada;  450,000  tons  of  general  freight; 
161,000  tons  of  wheat,  valued  at  $6,440,000,  all  passing  over  the  long- 
wharf  at  Oakland  during  the  past  year. 

As  both  travel  and  trade  between  the  two  cities  are  increasing  rapidly, 
and  the  present  wharf  is  only  a  temporary  one,  it  would  seem  that  the 
interests  of  the  two  cities  would  be  greatly  increased  by  some  more  per- 
manent landings  at  Oakland. 

If  such  be  the  views  of  Congress,  and  if  it  be  decided  to  improve  the 
harbor  of  Oakland,  we  recommend  the  appro|)riation  of  the  amount 
necessary  to  construct  the  two  training-walls,  and  dredge  out  a  channel 
between  them  100  feet  wide,  having  a  depth  of  6  feet  at  low-water,  at 
the  present  session  of  Congress,  viz,  $479,094. 

This  amount  would  give  a  beneficial  and  useful  result  at  once,  and 
establish  all  the  travel  and  much  of  the  trade  between  the  two  cities 
on  a  better  basis  of  communication  than  they  now  have. 

We  will  close  this  report  by  stating  that  there  are  many  det«iils  con- 
nected with  this  improvement  into  which  we  cannot  enter  without  pro- 
longing this  paper  to  unreasonable  length ;  such,  for  instance,  as  the 
objections  which  may  be  urged  against  closing  up  the  natural  entrance 
into  San  Leandro  Bay,  and  to  what  extent  these  objections  may  be  com- 
pensated by  affording  a  deeper  entrance  to  it  through  San  Antonio 
estuary  and  the  canal ;  such,  also,  as  the  objection  to  placing  obstruc- 
tions in  the  tidal  prism  of  the  Bay  of  San  Francisco,  and  how  far  this 
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objection  may  be  compensated  by  increased  tidal  water  in  San  Antonio 
estuary  and  tbe  canal  connecting  it  with  San  Leandro  Bay. 

Again,  tliere  will  be  land-damages,  and  bridges  will  be  required  over 
the  proposed  canal. 

Still,  again,  the  two  bridges  across  the  liarbor  at  Oakland  will  not  be 
suitable  structures  when  that  harbor  has  an  active  commerce. 

As  the  first  work  to  be  done  will  be  to  build  the  training-walls  and 
dredge  a  channel  between  them,  time  will  be  afforded  during  the  exe- 
cution of  this  work  to  mature  the  details  of  all  such  special  matters  not 
herein  discussed. 
Kespectfully  submitted. 

G.  H.  Mendell, 

Major  of  Engineers. 
C.  Seaforth  Stewart, 

LieuU  Col.  of  Engineers. 
B.  S.  Alexander, 

Lieut.  Col.  of  Engineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  8.  A. 


APPENDIX  BB. 

ANNUAL  REPORT  OP  COLONEL  O.  E.  BABCOCK,  CORPS  OF 
ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30, 1874. 

Office  of  Public  Buildings  and  Grounds, 

W€ishi7igtonj  D.  C,  October  7,  1874. 
General  :  I  have  the  honor  to  submit  the  following  report  of  the 
operations  on  the  works  under  my  charge  for  the  fiscal  year  ending 
June  30, 1874: 

CARE  AND  IMPROVEMENT  OF  THE  PUBLIC  GROUNDS. — GROUNDS  SOUTH 
OF  THE  EXECUTIVE  MANSION. 

The  work  of  filling  these  grounds  to  the  grade  of  Fifteenth  and  Seven- 
teenth streets  has  progressed  as  gradually  during  the  year  as  the 
appropriation  made  for  the  purpose  would  allow.  A  considerable  quan- 
tity  of  earth  is  deposited  in  these  grounds  by  citizens  from  excavations 
made  from  cellars,  &c.  This,  together  with  such  earth  as  was  satisfac- 
torily purchased,  wa«  used  in  grading  these  grounds. 

MONUMENT  GROUNDS. 

Work  was  commenced  on  the  Monument  grounds  July  1, 1873,  and 
carried  forward  until  the  appropriation  for  the  same  was  expended, 
with  the  following  results :  The  high  ground  along  Fourteenth  street 
and  south  of  the  present  roadway  was  cut  down  to  the  proper  grade, 
the  earth  so  removed  being  used  for  filling  along  Fourteenth  street 
north  of  the  entrance  of  the  roadway  to  these  grounds.  The  graded 
grounds  were  rolled,  covered  ^ith  good  soil,  and  sown  with  Kentucky 
blue-grass  seed.  The  main  roadway  was  repaired  and  regraveled,  from 
time  to  time,  in  places  where  needed,  and  thus  kept  in  good  order. 
Believing  it  more  economical  and  expeditious  to  form  a  small  lake  of 
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that  portion  of  the  marsh  lying  east  of  "  Meridian  avenue,"  than  to 
fill  the  same  with  earth,  a  portion  of  the  mack  deposited  was  excavated 
and  removed  to  the  White  Lot,  and  used  to  form  a  compost  for  the  dress- 
ing of  the  different  grounds.  This  excavation  was  completed  in  Sep- 
tember, connection  was  made  with  the  sewer  in  B  street,  and  so  arranged 
with  stop-plank  that  at  low  tide  the  water  can  be  drawn  from  the  lake. 
Bountiful  springs  were  found  near  the  shore  of  the  feke,  but  to  insure 
a  full  supply  of  water,  the  Potomac  water  was  taken  from  Fourteenth 
street  supply-pipe.  This  was  accomplished  by  laying  800  feet  of  4inch 
pipe  from  Fourteenth  street,  to  a  position  nearly  opposite  the  Monument, 
from  which  point  a  3-inch  pipe  (three  hundred  feet)  was  laid  to  the  center 
of  the  lake,  to  which  a  fountain-jet  was  attached.  During  cold  weather 
the  lake  formed  safe  and  good  skating  for  children,  and  was  much 
enjoyed  by  them. 

SMITHSONIAN  GROUNDS. 

As  the  entire  portion  of  these  grounds  south,  and  a  portion  of  them 
north  of  the  Institute  along  Twelfth  street,  had  not  been  graded  or 
improved,  work  was  first  commenced  there.  This  portion  was  thoroughly 
subdrained,  3-inch  tile  being  used,  and  laid  in  trenches  3  feet  deep  and 
30  feet  apart.  These  tiles  were  led  into  6inch  sewer-pii)es,  which  were 
connected  with  the  main  sewers  of  the  city  in  Seventh  and  Twelfth 
streets.  The  entire  grounds  above  mefitioned  were  graded,  covered 
with  good  soil,  and  sown  with  Kentucky  blue  grass  seed.  As  the 
part  of  the  ground  so  graded  is  about  oue-tbird  of  the  entire  square  it 
required  the  moving  of  a  great  number  of  cubic  yards  of  earth.  It  is 
now  ready  for  the  construction  of  the  walks  and  for  planting.  A  line  of 
6-inch  sewer-pipe  was  laid  along  the  north  line  of  these  grounds  from 
Twelfth  to  Seventh  streets,  and  connected  with  the  main  sewer  of  the 
city  at  the  last  named  street.  T-pieces  were  put  in  at  proper  distances 
to  receive  lateral  drains  from  the  ground  formerly  occupied  by  the  old 
canal;  which  is  now  a  part  of  these  gouuds.  The  gi'avel  walk  leading 
from  the  Institute  north  to  Tenth  street  was  taken  up  and  relaid  with 
asphalt.  This  walk  is  the  most  used  by  the  public,  and  after  rains,  and 
in  the  spring  of  the  year,  was  at  times  almost  impassable.  It  is  now  in 
good  condition  at  all  times  of  the  year. 

A  13-inch  water-main,  running  through  these  grounds,  was  tapped 
near  the  center  of  the  grounds  and  a  4  inch  pipe  run  east  to  Seventh 
street.  From  this  pipe  lateral  branches  of  2-inch  pipe  were  run  to  B 
street  south,  200  feet  apart,  and  stop-cocks  and  valves  were  put  in  at 
proper  distances  to  afford  easy  irrigation  when  needed.  The  4-inch 
pipe  was  connected  with  the  sewer  in  Seventh  street  with  a  stop-cock, 
so  that  the  water  can  be  drawn  from  the  pipes  in  winter  when  they  are 
not  in  use,  in  order  to  prevent  their  being  destroyed  by  the  freezing 
of  the  water.  When  making  connection  with  the  13-inch  main  a  6-inch 
l)ipe  was  laid  west  a  few  feet,  thus  obviating  the  necessity  of  again 
making  a  concection  to  this  main  to  supply  fountains,  if  it  should  sub- 
sequently be  decided  to  build  them.  The  line  of  wood  tence  on  Seventh 
and  Twelfth  streets  was  removed,  the  material  of  any  value  being  taken 
to  the  Monument  grounds  and  stored.  The  roadways  and  walks  in  the 
improved  portion  of  these  grounds  have  been  kept  free  from  weeds,  and 
the  trees  have  been  properly  trimmed  and  are  in  good  condition. 

AEMORY  SQUABE. 

In  this  square  the  grading  has  been  completed  with  the  exception  of 
a  small  portion  near  the  railroad  depot.     The  jportion  graded  was 
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covered  with  good  soil,  and  sown  with  bhie  grass-seed,  harrowed  in  and 
rolled.  The  old  fences  surrounding  it  were  removed  and  taken  to  the 
Monument  grounds,  and  a  row  of  hedge  along  the  line  of  the  old 
canal  was  removed,  thus  giving  this  square  a  better  and  much  more 
extended  appearance.  The  surplus  earth  taken  from  these  grounds 
was  used  in  tilling  the  reservations  just  opposite.  As  the  brick  building 
in  this  square  known  as  the  "  Armory  building"  is  old,  unsightly,  and 
contracts  the  appearance  of  these  grounds,  I  recommend  that  authority 
be  given  to  sell  the  same  at  public  auction,  the  proceeds  to  be  used  in 
ornamenting  the  grounds.  For  this  reason  I  have  not  included  any 
sum  for  their  improvement  in  my  estimates  tor  the  next- fiscal  year. 

RESERVATIONS  BETWEEN  THIRD  AND  SIXTH  STREETS. 

The  board  of  public  works  having  raised  the  grade  of  Missouri  and 
Maine  avenues  several  feet,  these  reservations  are  so  far  below  grade 
that  they  became  nuisances  from  the  fact  of  their  collecting  the  drain- 
age from  the  higher  grounds  around,  forming  pools  of  stagnant  water 
very  injurious  to  the  public  health.  In  oi^er  to  correct  this  as  far  as 
possible,  the  appropriation  for  these  reservations  was  expended  for 
earth  to  fill  in  the  low  places. 

JUDICIARY  SQUARE. 

The  old  wooden  buildings  on  this  square,  formerly  occupied  by  the 
Government  as  hospitals,  and  later  by  the  Women's  Christian  Associa- 
tion, were  sold  August  12, 1873,  but  were  not  entirely  removed  until 
November,  at  which  time  the  improvement  of  the  square  was  com- 
menced, the  subdrainage  being  the  first  work  done.  A  brick  sewer 
runs  diagonally  through  this  square  from  G  and  Fifth  streets  to  E  and 
Fourth  streets,  built  for  the  purpose  of  draining  the  jail,  the  City-hall 
building,  and  for  other  purposes.  Connection  was  made  with  this  sewer 
at  G  street,  from  which  a  line  of  6-inch  terra-cotta  pipe  was  laid  alon 
the  north  line  of  the  square  to  the  fence  surrounding  the  jail.  From 
this  pipe  lines  of  3-inch  tile  were  laid  3  feet  deep  and  30  feet  apart,  and 
running  to  Louisiana  avenue.  From  the  connection  at  B  street  a  6-inch 
terra-cotta  pipe  was  run  west  270  feet;  into  this  lines  of  3-inch  tile,  30 
feet  apart',  were  run  south  to  Louisiana  avenue  and  north  to  the  jail-yard 
fence.  The  3-inch  tile  was  laid  3  feet  deep  and  the  6-inch  sewer  at  a 
depth  to  secure  the  necessary  fall  to  insure  rapid  drainage.  In  the  con- 
struction of  this  subdrainage  652  feet  of  6inch  sewer-pipe  and  23,115 
feet  of  3-inch  tile  were  used.  For  the  purposes  of  inigation,  and  to 
supply  fountains,  three  lines  of  4-inch  water-pipe,  each  630  feet  long, 
were  led  into  this  square  from  Fifth  street;  along  each  one  of  these 
lines,  at  intervals  of  200  feet,  a  line  of  2-inch  pipe  was  laid  on  each  side 
100  feet  from  the  main  line  and  at  right  angles  to  it,  at  the  end  of  which 
angle- valves  are  to  be  attached,  so  that  every  part  of  the  ground,  except 
what  is  occupied  by  the  jail,  can  be  thoroughly  irrigated  by  using  a 
hose  15  feet  in  length.  To  accomplish  this,  1,890  feet  of  4-inch  and  2,200 
feet  of  2-inch  cast-iron  pipe  was  used.  A  large  quantity  of  earth  was 
hauled  into  these  grounds  by  the  board  of  public  w^orks,  which  was 
used  in  grading  the  low  places.  The  entire  grounds  were  rough-graded, 
and  part  of  the  walks  staked  out  in  readiness  for  excavation.  Large 
quantities  of  loose  stones  were  plowed  up  while  the  grading  was  going 
on.  They  were  collected,  together  with  a  lot  of  other  loose  stone  in  the 
square,  and  deposited  in  piles  near  the  jail-yard.    They  will  be  broken 
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to  the  proper  size  and  used  for  foundations  for  the  roads  and  walks. 
The  iron  fence  surrounding  part  of  the  square  was  turned  over  to  the 
board  of  public  works,  which,  together  with  some  of  the  same  pattern 
taken  from  around  the  Capitol  grounds,  will  be  used  to  fence  along  the 
line  of  Government  reservation  fronting  upon  the  old  canal  from  Sixth 
street  west  to  Fifteenth  street.  The  brick  building  on  this  square,  used 
for  school  purposes,  was  removed  in  the  fall.  Iron  park-posts  have  been 
placed  in  position  around  the  square,  and  lamp-posts  of  a  corresponding 
pattern  have  been  substituted  for  the  city  lamp-posts  5  and  being  placed 
in  line  with  the  park-posts,  and  having  the  chain  attached  to  them,  the 
whole  line  of  posts  presents  a  uniform  appearance.  For  the  purpose  of 
thoroughly  lighting  the  inside  of  this  square,  the  necessary  mains  have 
been  laid,  sufficient  to  supply  forty  lamj^s.  These  posts,  three  of  which 
combine  a  drinking  fountain,  with  the  requisite  number  of  lamps,  have 
been  purchased,  and  will  .be  placed  in  position  as  soon  as  possible.  For 
the  convenience  of  the  people  who  pass  through  this  square  a  wooden 
walk  was  laid  along  the  line  of  E  street,  so  as  to  avoid  the  mud  and  wet 
of  the  winter  and  spring. 

LINCOLN  SQUARE. 

In  this  square  the  work  of  excavating,  grading,  graveling,  and  roll- 
ing the  walks  has  been  completed,  5,383  square  yards  of  walks  having 
been  constructed.  Two  fountain- bowls,  each  30  feet  in  diameter,  have 
been  made  of  brick,  and  the  necessary  supply  of  water  and  drain  pipes 
led  into  them.  A  lodge,  similar  to  the  one  in  Franklin  Square,  with 
urinals  on  each  side,  has  been  erected,  and  the  necessary  connections  with 
water  and  sewer  pipes  made.  The  lodge  is  ornamental,  and  its  accom- 
modations of  much  value  to  the  public,  and  prevents  the  committing  of 
nuisances.  The  trees  have  been  properly  attendeil  to,  being  trimmed 
when  required,  and  are  in  good  condition. 

SCOTT  STATUE  RESERVATIONS. 

The  reservations  on  each  side  of  the  Scott  statue  have  been  graded, 
soiled,  seeded,  and  inclosed  with  posts  and  chain.  They  have  also  been 
ornamented  by  the  planting  of  trees,  evergreens,  &c.  The  circle  grounds 
immediately  surrounding  the  statue  have  also  been  improved  by  being 
graded,  soiled,  and  sodded,  and  planted  with  ornamental  and  flowering 
plants,  evergreens,  &c.  A  stone  curb  has  been  set  around  the  circle 
inside  of  the  stone  flagging,  next  to  which  a  brick  gutter  has  been  laid 
for  the  purpose  of  carrying  off  the  surface-water  from  the  mound,  which 
would  otherwise  run  on  the  pavement.  This  gutter  has  been  connected 
with  the  main  sewer  on  Sixteenth  street. 

The  water-pipe  running  through  the  circle  has  been  tapped  in  two 
places,  and  1  J-inch  angle-valves  attached.  The  taps  were  made  near 
the  circumference  of  the  circle,  and  opposite  the  reservations  on  either 
side,  so  that  they  can  be  easily  irrigated  if  necessary.  Four  lamp-posts 
and  lamps  have  been  placed  around  this  circle,  and  all  necessary  con- 
nections made  with  the  gas-mains. 

RAWLINS  SQUARE. 

This  square  has  been  inclosed  with  an  iron  post  and  chain  fence, 
and  lamp-posts  of  a  pattern  corresponding  with  the  park-posts  have 
been  placed  in  position  around  the  square,  thereby  affording  sufficient 
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light,  and  both  lamp  and  park  posts  have  received  two  coats  of  paint. 
To  prevent  washing,  a  small  terrace  wfis  made  and  sodded  along  the 
north  side  of  the  square.  The  square  was  sown  with  blue-grass  seed, 
which  has  taken  well,  and  will  make  a  good  lawn.  The  following  is 
the  number  and  variety  of  the  trees  planted  in  this  square :  6  juniper, 
8  Virginia  cedars,  4  dogwood,  1  sassafras,  1  black-walnut,  3  English 
maples,  3  spireas,  1  magnolia,  4  forsythias,  1  birch,  1  Japan  quince,  and 
1  jasmine.  These  trees  were  transplanted  during  the  winter,  when 
the  ground  was  frozen,  and  were  removed  without  disturbing  the  earth 
around  their  roots. 

CIRCLE  RHODE  ISLAND  AND  VERMONT  AVENUES. 

At  the  date  of  my  last  annual  report  this  circle,  the  largest  in  the 
city,  had  been  partially  subdrained,  and  water  and  gas  mains  led  into 
it.  At  that  time  tbe  sewer  along  lihode  Island  avenue  into  which  this 
sewerage  was  to  be  led  had  not  been  built.  This  sewer  was  completed 
*y  the  board  of  public  works  during  the  spring,  and  connection  was 
made  with  it  and  the  circle  drained  of  the  ponds  of  stagnant  water, 
after  which  the  improvements  were  renewed.  The  circle  was  graded, 
excavation  for  fountain  made,  drainage  for  the  same  provided,  connec- 
tion made  with  the  water-pipes  for  supplying  the  fountain,  and  the  work  of 
constructing  the  bowl  commenced.  A  quantity  of  clay  from  this  circle 
was  hanled  to  the  "Scott  Statue  reservations,"  and  used  in  grading  the 
same. 

WASHINGTON  CIRCLE. 

This  circle  has  been  improved  by  taking  up  the  gravel  walks,  grading 
and  narrowing  them,  and  relaying  the  screened  gravel.  They  were 
carefully  rolled,  and  now  present  a  smooth  and  hard  surface  very  pleas- 
ant to  walk  upon.  The  ground  around  the  statue  has  been  enlarged, 
regraded,  and  sodded.  A  brick  gutter  was  laid  around  the  circle 
inclosing  the  statue  and  on  each  side  of  the  walks,  the  former  being  led 
into  a  trap  located  north  of  the  statue.  From  this  trap  a  line  of  4inch 
sewer-pipe  was  laid  to  the  main  sewer  in  !New  Hampshire  avenue.  This 
will  collect  the  surface-water  from  the  mound,  and  thus  prevent  the 
washing  of  the  walks.  The  12-inch  Government  water-main  that  passes 
through  this  circle  was  tapped  and  two  angle-valves  attached.  They 
were  placed  near  the  circumference  of  the  circle  surrounding  the  statue 
for  the  purpose  of  affording  easy  irrigation,  if  needed.  The  portion  of 
these  grounds  that  was  regraded  was  sodded;  the  trees  were  trimmed 
to  open  a  view  of  the  statue,  and  the  seats  replaced  and  fastened  in 
position. 

RESERVATION  NO.  17. 

The  appropriation  for  this  reservation  was  expended  in  grading  and 
getting  out  gravel  for  roadways,  walks,  &c.  The  condition  of  the  ground 
was  such  that  but  little  progress  could  be  made  with  the  small  amount 
appropriated.  The  remains  of  the  stone  foundation  for  the  jail  build- 
ing are  still  on  these  grounds. 

TRIANGULAR  RESERVATIONS. 

Two  reservations  on  Massachusetts  avenue,  between  Tenth  and 
Twelfth  streets,  which  were  above  the  grade  of  the  avenue  at  that 
point,  as  established  by  the  board  of  public  works,  .were  cut  down  to 
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grade,  and  the  dirt,  2,951  yards,  was  hauled  iuto  the  grounds  south  of 
the  Executive  Mansipn,  and  used  for  filling. 

Four  reservations  on  Pennsylvania  avenue,  east  of  the  Capitol,  were 
surrounded  with  iron  posts,  to  which  was  attached  a  rail  of  gas-pipe. 
The  reservation  on  Massachusetts  avenue,  between  Fifth  and  Sixth 
streetiS,  named  "Ashland  Place,"  in  honor  of  Henry  Clay,  has  been 
graded,  water  and  sewer  pipe  led  iuto  it  for  a  fountain,  and  inclosed 
"with  a  wrought-iron  fence. 

The  reservation  on  New  York  avenue,  between  Tenth  and  Eleventh 
streets,  has  been  inclosed  with  a  wrought-iron  park  fence,  and  a  foun- 
tain and  iron  bowl  also  placed  in  position,  for  which  the  necessary 
water  and  drain  has  been  provided.  A  number  of  evergreens  has  been 
set  out  in  the  reservation  on  New  York  avenue  and  H  street,  in  front  of 
the  Presbyterian  church  at  that  point. 

The  reservation  on  the  north  side  of  P.ennsylvania  avenue  between 
Eighteenth  and  Nineteenth  streets  has  been  improved  by  removing  the 
old  wooden  fence  that  inclosed  it  and  substituting  a  park  post  and 
chain.  It  was  gi^aded  and  the  walks  laid  out  on  the  same  plan  as  thc^ 
one  opposite.  The  walks  were  filled  with  gravel  and  rolled.  A  few 
park  settees  were  placed  in  this  and  the  reservation  opposite  and  se- 
curely fastened  to  the  ground. 

GONaBESSIONAL  OEMETEBY. 

No  work  has  been  done  in  this  cemetery  since  my  last  annujil  report, 
except  to  grade  and  sod  the  slope  of  H  street,  which  was  widened  last 
year.  This  was  found  necessary  to  prevent  the  grade  from  being  de- 
stroyed by  rains.  The  amount  appropriated  tor  this  cemetery  was  thus 
exhausted. 

MANURE. 

A  large  number  of  cart-loads  of  a  vegetable  deposit  (muck)  has  been 
excavated  from  the  low  and  marshy  grounds  in  the  Monument  Lot  and 
nauled  into  the  White  Lot  adjoining.  This  muck  after  being  exposed  to 
the  action  of  the  weather  was  turned  over  and  thoroughly  mixed  with 
lime,  1,500  bushels  of  which  were  used.  The  lime  pulverizes  the  muck 
and  kills  the  germ  of  any  seed  that  may  be  in  it,  and  makes  a  valuable 
and  comparatively  cheap  compost.  It  was  hauled  and  spread  on  the 
public  grounds  when  they  were  frozen,  to  prevent  the  cart-wheels  from 
damaging  the  sod.  The  grounds  were  raked  after  spreading  so  as  to 
evenly  distribute  it.  The  use  of  this  compost  has  been  very  ssitisfactory 
and  the  growth  of  grass  marked. 

PROPAGATma  GARDEN. 

The  green-houses  at  this  garden,  formerly  located  on  reservation  cor- 
ner of  Third  street  and  Missouri  avenue,  were  removed  to  the  Nursery 
grounds,  Reservation  No.  3,  and  extensive  additions  were  made  to  them. 
The  material  used  in  rebuilding  these  houses  was  taken  principally  from 
the  old  green-houses  and  from  the  houses  removed  from  the  squares 
added  to  the  Capitol  grounds  last  year.  In  addition  to  the  construction 
of  these  houses  two  rows  of  frames  were  built  and  supplied  with  the 
necessary  heat,  &c.  These  frames  are  comparatively  inexpensive  to 
build  and  heat,  and  are  very  useful.  The  plants  were  removed  to  the 
new  houses  and  properly  arranged  before  any  damage  was  done  to  them 
by  frost  or  exposure  to  the  autumn  storms.    A  quantity  of  bulbs  and 
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seeds  was  imported  from  Europe  for  the  green-house  and  the  grounds, 
and  was  imported  to  secure  the  varieties  desired.  A  portion  of  these 
seeds,  together  with  others  saved  Jfrom  the  public  grounds,  were  prop- 
erly put  up  in  pai)ers,  labeled,  &c.,  and  one  package  containing  sixty 
papers  was  delivered  to  each  member  o^  Congress.  In  addition  to  this 
distribution  of  seeds  every  member  who  applied  was  supplied  with  fifty 
cuttings  of  various  green-house  plants,  &c.,  of  the  surplus  stock  of  such 
plants  in  the  green-houses.  Most  of  these  plants  were  packed  in  boxes 
ready  for  shipment. 

NURSERY. 

Tlie  Nursery  grounds  were  inclosed  with  a  wooden  fence,  the  old  pal- 
ings taken  from  the  various  reservations  being  used  for  that  purpose. 
It  was  not  the  intention  when  these  grounds  were  first  selected  as  a 
nursery  to  inclose  them ;  but  it  was  found  that  the  young  stock  could 
not  be  properly  protected  without  it.  A  quantity  of  such  stock  as  was 
deemed  advisable  to  be  set  out  in  the  public  grounds  for  their  embellish- 
ment was  purchased  and  placed  in  the  nursery,  to  be  used  from  time  to 
time  as  occasion  may  require.  In  addition  to  the  stock  purchased,  a 
large  amount  of  seed  was  gathered  from  the  trees  in  the  public  grounds, 
selecting  only  such  varieties  as  are  most  desirable,  and  was  planted  in 
the  nursery.  There  are  now  several  thousand  young  trees  from  this 
planting,  which  with  proper  care  will  in  a  few  years  furnish  such  trees 
as  will  be  needed  in  the  public  grounds. 

TREES,  EVERGREENS,  ETC. 

During  the  winter,  when  the  ground  was  frozen,  a  number  of  large 
trees  was  transplanted  from  the  White  Lot  and  other  reservations.  They 
were  of  the  following  varieties,  and  were  distributed  in  the  reservations 
as  follows : 

JScott  Square. — Two  elms,  2  forsythias,  1  catalpa,  2  spireas,  13  enony- 
mus. 

Fdrragut  Square. — Three  English  maples,  2  elms,  2  horse-chestnuts,  3 
Norway  maples,  1  enonymus. 

Mount  Vernon  Square. — One  white  ash,  1  persimmon,  15  elms,  14 
maples. 

Circle  Masmchusetts^  Connectieutj  and  New  Hampshire  avenues. — One 
ash,  1  ash-leaved  maple,  1  sycamore,  1  sugar  maple,  4  cedars. 

These,  together  with  those  placed  in  Eawlins  Square  already  enumer- 
ated, make  110  trees  so  removed. 

In  the  spring  the  landscape  gardener,  by  my  direction,  visited  nur- 
series in  Pennsylvania,  New  York,  and  New  Jersey,  and  purchased  a 
number  of  fine  specimens  of  trees,  evergreens,  &c.,  such  as  could  not 
be  purchased  in  this  vicinity.  They  arrived  in  good  order,  and  were 
placed  temporarily  in  the  nursery.  Soma  600  of  these  were  transplanted, 
being  placed  principally  in  Scott,  Farragut,  Franklin,  and  Rawlins 
Squares,  and  Mount  Vernon  Place.  Nearly  all  have  grown  well  during 
the  summer. 

FOUNTAINS. 

The  various  fountains  have  had  proper  care  and  attention.  In  the 
fall  the  water  was  turned  Off  and  the  bowls  filled  with  leaves  to  prevent 
their  being  damaged  by  frost.  In  the  spring  the  leaves  were  removed 
and  the  water  turned  on,  and  it  was  found  that  the  bowls  had  sustained 
no  injury  from  the  frost  during  the  winter.    Much  annoyance  is  experi- 
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enced  in  the  spring  from  fish  spawn  that  gets  into  the  jets  of  the  foun- 
tains and  prevents  the  free  play  of  the  water. 

CHAIN  BRIDaE. 

At  the  date  of  the  last  annual  report  the  rebuilding  of  Chain  Bridge 
was  under  contract  with  Mr.  S.  K.  Dickson,  of  New  Haven,  Conn.  By 
the  terms  of  his  contract  the  bridge  shoald  have  been  fully  completed 
by  the  1st  day  of  June,  1873.  He  was  repeatedly  notified  to  com- 
mence and  finish  his  work,  and  on  the  15th  of  October,  1873,  (there  be- 
ing no  evidence  that  he  had  even  commenced  it,)  he  was  finally  notified 
that  his  contract  was  annulled. 

With  the  approval  of  the  Chief  of  Engineers,  a  contract  was  then 
entered  into  with  Messrs.  Clark,  Reeves  &  Co.,  of  the  Phoenixville  Bridge 
Works.  Their  contract  was  dated  November  14, 1873,  to  be  fully  com- 
pleted on  or  before  the  Ist  of  May,  1874.  They  immediately  commenced 
the  work,  and  their  first  shipment  of  iron  was  received  December  26, 
1873 ;  other  shipments  followed  in  rapid  succession,  and  the  entire  work 
was  fully  complet'Cd  on  the  27th  day  of  March,  1874. 

It  is  due  to  Mr.  Dickson  to  state  tiiat  the  several  communications  sent 
to  him  from  this  office  to  the  address  given  by  him  were  not  received  by 
him,  but  were  returned  to  me  by  the  postmaster  of  New  Haven,  the  10th 
of  January,  1874. 

SCOTT  STATUE. 

Since  my  last  annual  report  the  granite  pedestal  for  the  Scott  statue 
has  been  received  and  placed  in  position,  on  the  site  selected  for  the 
same,  at  the  intersection  of  Ehode  Island  iind  Massachusetts  avenues. 
The  largest  stone,  weighing  119  tons  1,171  pounds,  was  removed  from 
the  foot  of  G  street  northwest,  in  eight  days,  without  damage  to  either 
the  stone  or  the  roadways  over  which  it  was  moved.  The  bronze  statue 
was  placed  in  position  as  soon  as  the  pedestal  was  ready  to  receive  it. 

MISCELLANEOUS. 

The  post  and  chain  inclosing  Farragut  Square,  and  the  iron  fence  in- 
closing tlie  triangular  reservation  on  Pennsylvania  Avenue  between 
Twentieth  and  Twenty-first  streets  and  the  Washington  Circle,  was 
painted.  The  rustic  seats  in  the  Fourteenth-street  Circle  were  re- 
paired, scraped,  and  varnished.  The  other  seats  in  the  public  squares 
that  were  torn  from  their  fastenings  during  the  winter,  were  repaired, 
placed  in  position,  and  fastened.  A  large  number  of  cocoons  of  the 
basket  caterpillar  were  picked  from  the  evergreens  and  destroyed,  thus 
preventing  an  immense  amount  of  damage  being  done  them.  These 
worms  are  very  injurious  to  evergreens,  and  in  a  very  short  time  wUl 
destroy  them  if  not  removed. 

The  snow  and  ice  were  promptly  removed  from  the  walSs  along  the 
public  reservations  under  my  charge.  Three  hundred  and  fifty  boxes 
for  the  sparrows  were  made  by  the  carpenters  during  the  winter,  and  in 
the  spring  were  securely  fastened  to  the  tiees. 

The  increase  of  the  sparrows  has  been  so  rapid  that  all  the  boxes  were 
occupied  almost  immediately.  They  have  not  been  so  much  disturl>ed 
by  the  boys  this  year,  in  consequence  of  which  they  are  becoming  more 
tame. 

Much  annoyance  is  experienced  with  the  wild  garlic  which  grows  in 
most  of  the  public  reservations.    Large  quantities  have  been  dug  up 
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and  removeil,  especially  from  Lafayette  and  Franklin  Squares  and  the 
grounds  around  the  Executive  Mansion. 

The  President  presented  to  this  office  a  handsome  specimen  of  an 
American  eagle,  which  had  been  sent  to  him  from  Wisconsin.  A  cage 
was  constructed  for  it  and  placed  in  Franklin  Square,  thus  adding  to 
this  square  a  feature  of  much  interest  to  the  children  of  the  city. 
Specimens  of  animals  are  frequently  offered  to  this  office  from  officials 
of  the  Government  and  private  individuals,  which  are  often  declined  for 
the  want  of  means  to  properly  house  and  care  for  them.  In  a  few  years, 
and  at  a  comparatively  small  expense,  a  very  fine  collection  of  Ameri- 
can and  other  atiimals  could  be  collected.  Such  a  collection  wouhl  be  a 
great  source  of  entertainment  to  the  i)eople  of  the  capital  and  those 
visiting  it,  besides  being  of  great  value  to  the  student  of  natural 
history. 

I  would  respectfully  recommend  that  an  appropriation  be  made  to  pro- 
vide for  receiving  such  contributions. 

The  trees,  evergreens,  &c.,  in  the  various  reservations  have  been  cared 
for  and  properly  trimmed  in  season.  Some  of  the  evergreens  were  tied 
up  to  prevent  the  breaking  of  their  branches  from  the  weight  of  snow 
falling  on  them  during  the  winter.  While  the  leaves  are  falling  a  force 
is  employed  to  collect  and  remove  them.  They  are  deposited  in  piles, 
thus  terming  a  vegetable  mold  which  is  verj'  valuable,  and  which  is 
used  in  the  green-houses  for  propagating  purposes.  What  is  not  used 
for  this  purpose  is  used  for  top-dressing  for  lawns. 

The  electrical  lighting  apparatus  in  the  Capitol  has  been  kept  in 
thorough  repair.  No  trouble  has  been  at  any  time  experienced  in 
working  it. 

By  a  careful  supervision  of  the  consumption  of  the  gas  in  the  entire 
Capitol  building  during  the  long  session  of  Congress,  a  great  saving  has 
been  effected,  enabling  a  return  to  the  Treasury  of  the  United  States 
of  the  sum  of  $10,257.62  of  the  "  lighting  fund." 

The  triangular  reservation  on  Seventh  street  and  Pennsylvania  avenue, 
which  was  opened  to  the  public  in  June,  1871,  has  been  closed,  the  abuse 
of  the  privilege  more  than  counterbalancing  the  benefits  to  the  public. 

The  public  gardener  has  been  employed  during  the  year,  when  his 
services  were  not  otherwise  required,  in  preparing  maps  of  the  reserva- 
tions that  had  been  improved  by  this  office.  These  maps  give  the  road- 
Avays  and  walks,  locate  the  fountains,  drinking-fountains,  and  the  drains, 
and  gas  and  water  pipes.  Maps  of  the  following-named  reservations 
liave  been  so  prepared,  viz :  Lafayette,  Lincoln,  Judiciary,  Scott,  and 
Farragut  Squares,  Washington  and  Thirteenth-street  Circles,  and  the 
circle  at  intersection  of  Massachusetts,  Connecticut,  and  New  Hampshire 
avenues,  and  Mount  Vernon  Place,  the  grounds  around  the  Executive 
Mansion,  two  triangular  reservations  on  Pennsylvania  avenue  between 
Eighteenth  and.  Nineteenth  streets,  triangular  reservation  on  New 
York  avenue  between  Tenth  and  Eleventh  streets  and  Ashland  Place, 
reservation  on  Massachusetts  avenue  between  Fifth  and  Sixth  streets. 

It  is  the  intention  to  make  these  maps,  as  well  as  others  yet  to  be 
prepared,  show  the  location  of  the  various  trees  and  shrubs,  with  the 
local  and  botanical  name  of  each  given,  so  that  at  any  time  in  the  future 
when  a  tree  dies,  an  examination  of  the  map  would  show  what  had  been 
previously  set,  and  thus  enable  the  same  species  to  be  reset,  so  that  the 
original  plan  of  planting  and  arranging  the  trees  can  be  maintained,  and 
a  comparison  of  the  hardiness,  length  of  life,  &c.,  of  the  different  varie- 
ties be  kept. 
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Much  difficulty  has  been  experienced  in  locating  water  and  sewer- 
drain  pipes,  which  these  maps  will  obviate. 

I  have  to  report  that  on  the  22d  day  of  October  I  received  from  Messrs. 
Latimer  &  Cleary,  auctioneers,  an  account  of  sales  of  the  old- wood 
buildings  on  Judiciary  Square,  sold  by  them  August  12, 1873.  The 
proceeds,  $1,609.46,  was  paid  tojthe  managers  of  the  Women's  Christian 
Association,  in  accordance  with  the  act  of  Congress  authorizing  their 
sale. 

Permission  was  twice  given  during  the  year  to  menageries  and  circus 
companies  to  exhibit  on  the  unimproved  reservation  between  Four  and 
a  half  and  Sixth  streets,  upon  condition  that  they  should  give  $100  each 
time  to  some  charitable  institution  in  the  city,  and  should  admit  the 
soldiers'  and  sailors'  orphans  free. 

Of  the  $200  thus  received,  $150  was  given  to  the  Children's  Hospital, 
a  Christian  institution,  whose  relief  extends  to  all  children,  without  dis- 
tinction of  color,  and  $50  to  the  Women's  Christian  Association,  a  very 
worthy  charitable  institution. 

NAVY-YARD  AND  UPPER  BREDaES. 

The  Navy-yard  and  Benning's  Bridges  have  received  the  necessary 
care  and  attention  during  the  year,  and  travel  has  been  uninterrupted. 
They  have  both  received  very  extensive  repairs,  and  are  in  as  good  con- 
dition as  the  appropriation  for  their  care  and  preservation  will  permit. 

The  Navy-yard  Bridge  accommodates  an  immense  travel,  and  requires 
almost  constant  repairing.  On  the  29th  of  July,  1873,  as  a  four-horse 
team  belonging  to  the  Government  Insane  Asylum  was  crossing  the 
Navy-yard  Bridge,  a  span  of  the  bridge  broke,  and  let  them  through 
into  the  water.  A  patient  from  the  hospital  was  seated  with  the  driver^ 
and  narrowly  escaped  being  drowned.  Two  of  the  horses  were  drowned. 
The  bridge  was  immediately  repaired.  This  bridge  is  the  only  direct 
means  of  communication  with  the  asylum  and  Washington,  and  as  it 
contains  some  six  hundred  and  twenty-five  patients,  any  interruption  of 
this  character  is  of  se^rious  embarrassment  to  the  institution. 

TELEGBAPH. 

An  appropriation  was  made  by  Congress  for  the  purpose  of  connect- 
ing the  Capitol  with  the  Executive  Departments  and  the  Government 
Printing  Office  by  a  telegraph  line,  and  directing  the  officer  in  charge 
of  the  public  buildings  and  grounds  to  construct  the  line.  Proposals 
were  solicited  from  several  parties  engaged  in  that  business,  and  it  was 
awarded  to  the  lowest  bidder.  The  lines  were  erected,  and  proper  in- 
struments purchased  and  placed  in  ppsition  before  the  assembling  of 
Congress  in  December.  The  lines  were  so  arranged  that  the  several 
Departments  are  connected  with  each  other  as  well  as  with  the  Capitol. 

To  prevent  disfiguring  the  Capitol  Grounds,  the  wires  were  run  from 
North  Capitol  street  to  the  Capitol  under  ground.  To  accomplish  this, 
two  cables  of  five  wires  each  were  laid..  At  North  Capitol  street  the 
various  wires  were  attached  to  the  cable,  an  ornamented  iron  post 
being  used,  through  the  center  of  which  the  wires  were  led.  The  line 
was  kept  in  good  working  order  during  the  session  of  Congress,  and 
has  proved  of  great  service  to  the  members  and  to  the  various  Depart- 
ments. The  posts  have  received  two  coats  of  paint  to  preserve  them 
and  make  their  appearance  in  the  city  as  unobjectionable  as  possible. 
A  quantity  of  material  was  purchased,  which  will  be  available  during 
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the  comiDg  year.  I  would  respectfully  recommend  an  extension  of  this 
line,  so  as  to  connect  the  navy-yard,  arsenal,  Smithsonian  Institution, 
Department  of  Agriculture,  the  Naval  Observatory,  and  other  national 
institutions  in  the  District  of  Columbia. 

GOVERNMENT  WATER-PIPES. 

The  Government  water-pipes  conducting  water  to  the  Capitol  from 
Smith's  Spring  are  laid' along  North  Capitol  street,  in  which  street  the 
board  of  public  works  has  been  constructing  a  large  sewer.  The  nature 
of  the  work  was  such  that  the  pipes  were  continually  breaking.  To 
correct  this,  and  to  avoid  the  necessity  of  digging  up  the  street  in  case 
of  a  break,  and  to  maintain  the  supply  of  water,  the  location  of  the 
line  was  changed,  it  being  placed  under  the  side  or  foot  walks,  just  inside 
the  curb.  It  was  discovered  in  moving  the  pipe  that  many  of  the  pieces 
had  been  destroyed  by  rust.  These  were  replaced  with  new  pipe.  The 
supply  of  spring-water  to  the  Capitol  was  not  interrupted  during  the 
session  of  Congress. 

EXECUTIVE  MANSION. 

The  public  and  private  portions  of  the  Executive  Mansion  received 
the  necessary  care  for  the  protection  of  the  property  and  comfort  of  the 
President's  family.  The  batb-tubs  and  water-closets  were  replaced  with 
new  ones.  Great  care  was  taken  with  the  plumbing  to  prevent  leaking. 
The  floor  of  the  bath-room  was  so  arranged  with  lead  that  no  water 
could  get  through  and  damage  the  ceilings  below  in  case  of  an  over- 
flow or  breakage  of  the  pipes.  The  pipes  leading  from  the  basement 
were  incased  in  zinc,  to  prev^it  rats  and  mice  following  along  them 
and  getting  into  the  upper  part  of  the  house.  One  sleeping-room  waa 
repaired  by  being  newly  papered,  a  new  grate  put  in,  painted,  and  a  new 
stationary  marble  wash-stand,  to  which  hot  and  cold  water  pipes  were 
attached.  Hot  and  cold  water  pipes  were  led  into  other  rooms.  Two 
sleeping-rooms  in  the  upper  portion  and  one  reception-room  on  the  first 
floor  of  the  house  were  papered.  A  large  and  roomy  wardrobe,  made 
of  ash  and  walnut,  was  constructed,  and  placed  in  one  of  the  rooms,  it 
taking  the  place  of  an  old  and  worthless  one  made  of  pine.  Carpets  of 
different  styles  have  been  purchased  and  put  down  in  the  several  rooms 
as  needed.  New  furniture  was  purchased  and  placed  in  the  house  when 
required.  The  carpets  were  taken  up  and  thoroughly  cleaned.  The 
entire  exterior  of  the  Mansion  was  cleaned  of  cobwebs,  &c.,  and  places 
Tvhich  suffered  from  the  inclemency  of  the  weather  were  covered  with  a 
light  coat  of  paint  to  present  a  uniform  color.  The  heating-apparatus 
and  gas  and  water  pipes  have  been  repaired  as  necessity  required. 

GREEN-HOUSES. 

An  appropriation  of  $10,000  for  continuing  the  permanent  improve- 
ment of  the  green-houses  was  made  by  Congress.  It  was  contemplated 
to  use  this  in  the  construction  of  an  iron  superstructure  to  take  the 
place  of  the  present  wooden  onp,  which  is  old  and  decayed.  Upon  get- 
ting estimates  it  was  found  that  the  work  would  cost  some  $50,000,  and 
therefore  it  was  deemed  advisable  not  to  commence  the  work  unless  an 
additional  appropriation  was  made.  The  house  was  kept  in  good  repair, . 
and  so  much  of  the  appropriation  as  was  necessary  for  that  purpose 
was  expended. 

The  unexpended  balance  was  re-appropriated  for  care  of  and  neces- 
sary repairs  to  the  houses  for  the  next  fiscal  year. 
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FUEL. 

Advertisements  soliciting  bids  for  fuel  for  the  Executive  Mansion 
and  the  green-houses  were  published  in  the  various  papers  of  the  city. 
The  contract  was  awarded  to  Mr.  C.  T.  Yoder,  who  has  filled  it  in  a  sat- 
isfactory manner. 

FINANCIAL  STATEMENT. 

The  appropriations  for  the  fiscal  year  jast  closed  have  all  been  expendtid,  with  the 
exception  of  that  made  for  lighting  the  Capitol,  Executive  Mansion,  and  the  public 
grounds,  and  for  permanent  repairs  to  the  greon-houses  at  the  Executive  Mansion,  the 
unexpended  balance  for  the  former  being  ^10,257.62,  and  the  latter,  $7,901. 8(5.  The  ua- 
expended  balance  of  the  lighting-fund  will  be  covered  into  the  Treasury.  The  unex- 
pended balance  for  green-house  was  re-appropriated  by  the  last  Congress  for  the  care 
of  and  necessary  improvements  to  the  same  for  the  ensuing  year. 

The  estimates  submitted  for  the  service  of  this  office,  for  the  fiscal  year  ending  June 
30,  1876,  are  as  follows  : 

Salaries $55,016  00 

Contingent  expenses  of  office 2, 000  UO 

Kepairs  and  refurnishing  the  Executive  Mansion,  care  of  green-honse,  and 

fuel  for  both 30,000  00 

Lighting  the  Capitol,  Executive  Mansion,  and  the  public 
grounds,  purchase  of  lamps,  lamp-posts,  pay  of  lamp-light- 
ers, and  plumbing  and  gas-fitting  of  all  sorts $51, 000  00 

For  purchase  of  gas-fixtures  for  corridors  of  the  House  of  Rep- 
resentatives, to  correspond  with  those  in  the  Senate 5, 000  00 

,  56, 000  00 

For  repairs  to  the  Navy- Yard  and  Upper  bridges 7, 000  00 

For  repairing  and  extending  the  Government  water-pipes  and  those  lead- 
ing from  Smith's  Spring,  that  supplies  the  Capitol 10, 000  00 

For  care  and  improvement  of  the  public  grounds,  as  follows,  viz : 
For  filling  the  grounds  south  of  the  Executive  Mansion. «.. .       10, 000  00 
For  suboraining,  repairing,  and  regraveling  the  roads  and 
walks  of  the  Smithsonian  grounds  north  of  the  building, 

and  for  construction  of  fountain 10,000  00 

For  building  approaches  to  the  bridge  to  be  erected  over  Sixth 

street  by  the  Baltimore  and  Potomac  Railroad  Company..        5,000  00 
For  completing  the  improvement  of  the  reservations  between 

Third  and  Sixth,  streets,  as  per  plan 10,000  00 

For  improving  various  reservations  along  avenues,  to  harmo- 
nize with  the  work  done  by  the  board  of  public' works 20, 000  00 

For  ordinary  care  of  an  extension  to  the  green-houses  at  the 

Propagating  Garden 5,000  00 

For  ordinary  care  of  Lafayette  Square 2, 000  00 

For  the  removal  of  the  present  cumbersome  iron  fence  inclos- 
ing Lafayette  Square,  and  substituting  post  and  chain 5, 000  00 

For  paving  4.221  square  yards  of  walks  in  Lafayette  Square.       10, 552  50 

For  annual  repair  of  fences 2,000  00 

For  manure  and  hauling  the  same 8, 000  00 

For  painting  iron  fences 4,000  00 

For  purchase  and  repair  of  seats 1, 000  00 

For  hire  of  horses  and  carts 5,000  00 

For  purchase  and  repair  of  tools 2,000  00 

For  trees,  tree- boxes,  lime,  and  whitewashing 5,000  00 

For  removing  snow  and  ice 1,000  00 

For  flowers,  pots,  twine,  wire,  italiens,  lycopodeum,  &c 1,000  00 

For  purchase  of  trees  and  plants  for  nursery,  and  care  of  same        2, 000  00 

For  tree-markers  and  marking  them 100  00 

For  making  cages  and  boxes  for  sparrows 500  00 

For  abating  nuisances 1,000  00 

For  removing  the  ailantns  trees  from  the  public  grounds, 
the  same  having  been  condemned  by  the  board  of  health.  500  00 

For  care  of  and  repairs  to  the  various  fountains 1, 000  00 

For  continuing  the  improvement  of  reservation  No.  3,  as  per 

plan , 20,000  00 

For  excavating  bottom  and  paving  the  side  of  the  lake  in  the 
Monument  grounds 5, 000  00 
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For  replacing  fountain  on  Fourteenth-street  circle  with 
marble ^$2,500  00 

For  improving  Pacific  Place  circle,  Massachusetts,  Connecti- 
cut, and  New  Hampshire  avenues 5,000  00 

For  improving  Stanton  Place,  at  the  intersection  of  Maesa- 
chusetts audMaryland avenues 10, 000  00 

For  taking  up  and  relaying  curb  and  flag  south  of  the  Execu- 
tive Mansion 1,500  00 

For  cutting  down  embankment  in  the  nursery 1, 250  00 

For  granite  coping  and  fence  in  front  of  the  Executive  Man- 
sion          7,450  00 

For  repairing  fountain  south  of  the  Executive  Mansion,  and 
for  coping  and  center-piece  for  same '. 3, 000  00 

For  fountain  and  watchman's  lodge  in  Judiciary  Square 5,000  00 

For  colossal  statue  of  Lincoln,  to  be  placed  in  Lincoln  Square. .      20, 000  00 

For  pedestal  for  same 10,000  00 

For  the  purchase  of  triangular  sc^uares  of  ground 
west  of  square  624  and  north  of  square  563,  con- 
taining 17,564  feet $17,564  00 

For  improving  the  same 3,000  00 

20, 564  00 

For  inclosinfl:  two  triangular  reservations  on  Ohio  avenue, 
between  Thirteenth  and  Fifteenth  streets 3, 000  00 

For  the  purchase  of  300  seats  for  the  public  grounds 2, 400  00 

For  filling,  grading,  draining,  and  improving  the  reservation 
on  Missouri  avenue  lately  occupied  by  the  Agricultural 
Department.... 10,000  00 

For  removing  the  cast-iron  fence  from  reservation  on  Pennsyl- 
vania avenue  between  Twentieth  and  Twenty-first  streets, 

recasting  it  into  park-posts,and  for  impi-oving  the  same 1, 500  00 

"^         ^  : $239,816  50 


Grand  total  of  estimates 397,832  50 

To  convey  an  idea  of  the  labor  required  to  make  the  improvements 
as  detailed  in  the  foregoing  report,  I  would  state  that  29,375^  days'^ 
labor  of  men,  6,518  days'  of  horses  and  carts  were  expended,  in  addi- 
tion to  962  months'  of  regular  laborers. 

In  closing  my  report,  I  desire  to  express  my  appreciation  of  the 
valuable  aid  I  have  received  in  the  prosecution  of  the  work  of  this 
office  from  my  assistant  engineer,  Mr.  George  D.  Benjamin,  whose 
abUity  has  in  no  small  degree  contributed  to  its  success.  I  wish,  also^ 
to  mention  most  favorably  Mr.  George  H.  Gideon,  in  charge  of  bridges, 
and  Mr.  George  H.  Brown,  the  landscape  gardener ;  Mr.  Wm.  H.  Bailey, 
in  charge  of  gas,  water-pipes,  &c.,  and  Mr,  James  Balloch,  in  charge  of 
accounts,  for  their  hearty  co-operation  at  all  times  and  their  earnest 
efforts  for  the  successful  administration  of  the  office. 

WASHINGTON  AQUEDUCT. 

On  the  3d  of  March,  1873,  the  following  appropriation  was  made  by 
Congress,  viz : 

For  wooden  fence  at  the  distributinjjj-reservoir $1, 500 

For  dweUin^  for  gate-keeper  at  distribn ting-reservoir 2, 500 

For  completing  stone  bridge 8, 600 

For  macadamizing  conduit-road •. 16,000 

For  engineering,  maintenance,  and  general  repairs 15, 000 

Plans,  specifications,  and  forms  of  contract  for  the  work  embraced  in 
the  above  appropriation  were  made  in  July,  and  advertisements  were 
issued  inviting  proposals  for  the  same.  Bids  were  received  and  opened 
on  the  26th  of  August,  and  the  several  works  were  awarded  to  the 
lowest  bidders. 
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The  foUowiug  is  an  abstract  of  the  bids  received : 


Biddore. 


.2  o 

Bin 

^  p 
P 


III 
III 


II 

II 


*-1' 


Wilson  Sc  Reeside 

Thomas  Harvey 

Emmart  &  Smith 

John  H.  Howlett 

Anderson  &  Snnney. 
Thomas  P.  Morgan  . . 

Holmead  &  Esliu 

Andrew  Gleason 

H.  A.  Garrett  &  Co. . . 
George  B.  Ahrams  . . . 

E.  P.  Dongherty 

N.C.Beit 

Croply  &  Brewer 


12,583  00 
2,700  00 
8,900  00 
3,298  00 
3,  450  00 


to  70 
1  37i 

0  92 

1  20 
1  00 


1  85 


•0  94 
1  80 
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1  27 
1  50 
1  45 

1  45 

2  00 


10  30 
44 

40 


30 

30 

26( 

37 

31 

42 
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55 
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DISTRIBUTING-RESERVOIR. 


The  contract  for  the  dwelling  and  wooden  fence  was  awarded  to 
Reeside  &  Wilson,  of  Washington,  D.  C,  who  commenced  work  on  each 
structure  in  September. 

The  fence  around  the  reservoir  was  completed  in  November;  the 
dwelling  was  completed  in  December.  The  fence  is  composed  of  cedar 
posts  placed  6  feet  apart,  from  cent-er  to  center,  on  which  are  spiked 
three  rails,  each  3  by  4  inches,  in  lengths  of  18  feet.  On  the  rails  are 
nailed  pickets,  1  by  4  inches,  6  feet  long.  The  bottom  board  is  1  by  15 
inches,  in  lengths  of  18  feet.  The  total  length  of  fence  built  is  1,524 
feet,  making,  in  addition  to  that  previously  built,  5,854  feet,  which  com- 
pletes the  fencing  of  this  reservoir. 

The  dwelling  consists  of  a  superstructure  of  b-ricks,  on  stone  founda- 
tions, surmounted  by  a  slated  Mansard  roof,  and  contains  six  rooms, 
three  in  each  story. 

The  grounds  around  the  dwelling  were  graded  and  drained,  and 
Inclosed  with  a  wooden  picket-fence  5  feet  in  height. 

The  old  buildings  were  tak.en  down  and  the  lumber  used  in  the  con- 
struction of  a  stable  and  store-house  for  tools.  All  the  fences  and  out- 
buildings were  thoroughly  lime-washed. 

The  embankments  at  the  auxiliary  gate-house  and  the  stone  well- 
house  were  graded  to  a  uniform  slope  and  sodded. 

The  light-shaft  of  the  pipe- vault  in  front  of  the  effluent-gate  bouse 
was  finished  with  a  cast-iron  ventilator. 

A  stone  culvert,  100  feet  in  length,  with  a  water-way  3  feet  square,  was 
built  across  the  road  in  front  of  "  Drovers'  Rest,"  and  a  ditch  was  exca- 
vated along  the  northerly  boundary  of  the  reservoir  lands  to  intercept 
the  surface-drainage  of  the  drove-yard,  and  connected  with  the  culvert, 
thus  preventing  the  possibility  of  the  surface-water  from  the  cattle-yard 
reachiug  the  distributing-reservoir. 

Stone  culverts  were  also  built  for  the  several  watercourses  crossing 
the  pipe-line  between  the  reservoir  and  Foundry  Branch.  Before  build- 
ing the  culverts  bids  were  received  from  responsible  contractors,  and 
the  work  was  awarded  to  the  lowest  bidder,  J.  V.  W,  Vandenburg,  of 
Washington. 
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MACADAMIZING  AND  GRADING. 

The  contract  for  laacadamiziug  and  grading  was  awarded  to  Thomas 
P.  Morgan,  of  Washington,  who  coiumeuced  his  work  in  September  and 
completed  it  last  July.  The  total  length  of  road  macadamized  is  6,000 
feet,  amounting  to  8,000  square  yards. 

The  macadam  laid  by  Mr.  Morgan  commences  at  the  west  end  of  tun- 
nel F  and  continues  to  culvert  No.  9. 

The  material  used  is  principally  gneiss  rock,  broken,  with  a  steam 
crusher,  so  as  to  pass  in  any  direction  through  a  2i-iuch  ring.  The 
width  of  macadam  is  12  feet,  the  depth  1  foot,  placed  on  the  roadway 
in  layers  of  4  inches,  and  each  layer  thoroughly  rolled  with  a  heavy  stone 
cylinder.  The  roadway  was  previously  prepared  by  widening  the  exca- 
vations and  embankments.  The  embankments  were  also  widened  over 
culverts  Nos.  25  and  26  and  at  each  end  of  Cabin  John  Bridge. 

A  roadway  was  graded  and  prepared  for  macadam  along  the  north- 
erly front  of  the  distributing-reservoir  and  over  the  pipe  line  for  a  distance 
of  5,000  feet. 

The  total  quantities  of  woik  done  by  Mr.  Morgan  are  as  follows : 

Macadam 8,000  square  yards. 

Excavation 22, 560  cubic  yards. 

Paved  ditches 181  sqaare  yards. 

STONE  BRIDGES. 

The  contract  for  completing  the  coping  and  parapets  of  stone  bridges 
was  awarded  to  Thomas  Harvey,  of  Washington.  He  commenced  work 
in  September,  and  completed  the  coping  and  parapets  of  bridge  No.  3 
in  December.  The  plan  adopted  is  similar  to  that  for  Cabin  John 
Bridge.  The  stone  was  quarried  from  the  Government  quarries  at 
Seneca.  The  length  of  the  parapets  is  200  feet  each,  and  they  contain 
2,945  cubic  feet  of  cut  stone. 

For  bridges  Nos.  1  and  2  the  coping  was  made  of  concrete.  There 
being  no  roadway  over  these  bridges,  parapets  are  not  required.  The 
concrete  was  composed  of  broken  stone,  sand,  and  hydraulic  cement, 
mixed  in  the  following  proportions : 

1  barrel  of  Rouiid-Top  cement. 
10  cubic  feet  of  river  sand. 
18  cubic  feet  of  broken  stone. 

The  Stone  was  broken  small  so  as  to  pass  in  any  direction  through  a 
2-inch  ring. 

The  cement  and  sand  were  mixed  dry,  in  a  large  box ;  sufficient  wat^r 
was  added  to  make  mortar ;  after  which  the  broken  stone  was  thrown  in 
and  the  whole  mass  turned  over  twice  with  shovels  and  hoes  and  used 
immediately. 

It  was  deposited  in  layers  of  4  inches  in  depth,  and  each  layer  was 
rammed  with  a  wooden  rammer  until  the  mortar  iiushed  to  the  surface. 
The  third  and  last  layer  was  worked  perfectly  smooth  on  top,  and  the 
surface  was  divided  into  rectangles,  4  feet  wide  by  9  feet  long,  with 
wooden  moulds,  which,  being  removed  after  the  concrete  had  set,  formed 
suitable  grooves  for  the  surface-drainage.  Previous  to  laying  the  con- 
crete, a  belt-course  of  cut  stone,  1  foot  wide,  1  foot  thick,  and  in  lengths 
of  9  feet,  was  laid  entirely  around  the  deck  of  each  bridge. 

POTOMAC  DAM. 

The  cut-stone  dam  over  the  Maryland  channel  of  the  Potomac  River 
recently  was  examined,  and  found  to  be  in  good  condition.    In  July  ad- 
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vantage  was  taken  of  the  low  stage  of  tbe  water  in  tbe  river  to  replace 
a  part  of  the  riprap  protection  above  tbe  dam,  and  wbich  bad  been 
carried  over  tbe  darn  by  tbe  spring  fresbets.  To  a  certain  extent  similar 
work  lias  to  be  done  once  a  year,  and  comprises  tbe  only  repairs  made 
on  this  structure  since  its  completion  in  18G7'.  Tbe  feeder  under  tbe 
Chesapeake  and  Ohio  Canal  was  cleaned  out  from  end  to  end. 

PIPE-LINE. 

The  pipe-line  is  in  good  condition,  and  during  tbe  year  no  leaks  of  any 
importance  have  occurred.  All  of  tbe  stopcocks  have  been  kept  clean 
and  in  working  order,  and  tbe  vaults  have  been  lime-washed.  Stone 
pavements  were  laid  around  tbe  vaults  on  the  canal-road. 

IRON  BRIDGES. 

Bridge  No.  5,  over  College  Pond,  is  in  good  order.  Tbe  floor  of  bridge 
No.  6,  over  Rock  Creek,  bas  been  kept  in  repair.  The  following,  in 
reference  to  this  structure,  is  extracted  from  my  last  annual  report : 

There  seems  to  be  no  authority  of  law  for  the  use  of  this  bridge  for  common  travel. 
The  constant  jarring  to  which  it  is  subjected  has  cansed  many  of  the  ornamental 
scrolls  which  encirc^  the  joints  of  the  mains  to  become  loose  and  drop,  and  I  have  no- 
doubt  its  continned  use  for  a  general  thoroughfare  will  eventually  destroy  its  usefulness 
for  aqueduct  purposes. 

WATER-PRESSURE  ENGINE. 

The  Wortbington  water-pressure  engine  that  supplies  a  part  of  George- 
town heights  witb  Potomac  water  bas  been  kept  in  almost  constant 
operation.  It  has  been  stopped  only  for  sbort  intervals  to  replace  the 
rubber  springs  as  they  wore  out,  and  for  other  slight  repairs.  The 
valves  and  pistons  bave  become  inucb  worn,  and  will  soon  have  to  be  re- 
newed.    The  cylinders  are  also  worn,  and  should  be  rebored. 

Tbe  acqueduct  lands  at  Eock  Creek  bridge  have  been  graded  and 
sodded,  aud  enclosed  witb  a  substantial  fence.  In  tbe  work-shop  at  this 
point  a  '*  band-saw  ^  and  grindstones  bave  been  set,  also  a  10-inch 
turbine  to  work  them. 

HIGH-SERVICE  RESERVOIR, 

The  grounds  at  this  reservoir  have  been  kept  in  good  order.  The 
gallery  under  the  reservoir  and  tbe  wooden  fences  aroaud  tbe  grounds 
have  been  lime- washed. 

CONSUMPTION  OF  WATER. 

Tbe  quantity  of  water  supplied  during  the  year  bas  averaged  over 
17,000,000  gallons  daily.  Tbe  surface  of  water  at  the  distributing-reser- 
voir has  been  kept  at  the  elevation  of  +  144  feet  above  tide-water.  To 
maintain  this  elevation  the  conduit  from  culvert  No.  19  to  the  distribut- 
ing reservoir  has  been  run  under  a  head.  Since  the  embankments  over 
this  portion  of  the  aqueduct  were  widened  and  raised  there  have  been 
no  leaks  in  the  conduit.  Before  the  embankments  were  increased  the 
conduit  leaked  whenever  tbe  water  in  the  distributing-reservoir  was 
raised  above  +  142. 

Tbe  water-supply  has  been  very  clear,  except  during  a  part  of  the 
month  of  April,  when  it  was  riley  for  a  few  days,  owing  to  the  long- 
continued  turbid  condition  of  the  Potomac. 

During  tbe  summer  months  the  surface  of  water  in  the  Potomac  falls 
considerably  below  the  crest  of  tbe  Potomac  Dam,  and  it  bas  been  diffi- 
cult to  keep  the  surface  in  the  reservoirs  up  to  +  144. 

In  July  and  August  of  the  present  year  this  elevation  has  not  been 
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constantly  maintained,  the  sarface  being  often  as  low  as  +  143,  show- 
ing that  the  daily  consumption  is  more  than  the  minimam  flow  of  the 
Maryland  channel  of  the  Potomac, 


WORK  YET  TO  BE  DONE, 


At  Great  Falls  the  Potomac  Dam  should  be  built  entirely  across  the 
river  of  the  Virginia  shore,  and  the  gate-house  should  be  finished  with 
a  slated  roof,  supported  by  a  wrought-iron  frame.  The  walls  should  be 
finished  with  galvanized-iron  cornice. 

The  receiving-reservoir  will  always  be  used  for  the  storage  of  water, 
to  be  kept  for  use  in  case  of  accidents  happening  to  the  conduit  above, 
or  when  the  Potomac  is  swollen  and  unfit  for  use.  It  should  be  inclosed 
by  a  substantial  wooden  fence. 

The  remainder  of  the  roadway  over  the  conduit  should  be  finished 
and  the  embankment  widened.  The  slopes  should  be  soiled  and  seeded, 
in  order  to  prevent  washing  by  the  rains. 

At  the  receiving-reservoir  a  dwelling  should  be  built  for  the  gate- 
keeper, similar  to  that  built  at  the  distributing-reservoir. 

The  outer  slopes  of  the  distributing-reservoir  should  be  soiled  and 
seeded  in  order  to  prevent  washing  by  the  rains. 

The  estimates  for  which  appropriations  should  be  made  for  the  next 
fiscal  year  are  as  follows : 

For  eD^neering,  maintaining,  and  general  repairs $15, 000  00 

For  building  an  iron  truss-roof  and  furnishing  and  setting  galvanized-iron 

cornice  on  the  gate-honse  at  Great  Falls 3,000  00 

For  building  a  stone  dam  across  the  Virginia  channel  of  the  Potomac 

River 200,000  00 

For  building  dwelling  for  gate-keeper  at  receiving-reservoir 3, 000  00 

For  building  a  wooden  fence  around  the  receiving-reservoir 9, 528  00 

For  continuing  macadamizing  and  widening  of  cond ait-road -  10, 000  00 

For  soiling  and  seeding  embankment-slopes  of  distributing-reservoir ,     13, 000  00 

For  soiling  and  seeding  the  slopes  ot  the  conduit-embankments  from  Great 

FaUs  to  distributing-reservoir 27,050  00 

280,578  00 

The  following  is  a  financial  statement  for  the  last  fiscal  year,  ending 
Jane  30, 1874: 


TitleB  of  i^ptoptlationa. 


Available 
July  1, 1873. 


Expeuded 
in  1873-'74. 


Available 
July  1, 1874. 


Ae<(/Jti2yl5,ie70. 

Slope- wall  of  diatribating-reBervoir 

Repairs  of  Tunnel  Na  1,  and  removing  fallen  ttonea  . . . 
Cleaning  oat  obatrncttona  above  dam  neading  aqnedafit 
Pre8er\'ing  new  or  Delecarlia  Tunnel 

Act  of  March  3, 1871. 

Earthwork  and  slope- wall  of  Division  Dam 

Act  cf  June  10, 1873. 

Completing  parapets  of  Cabin  John  and  other  bridges. . 

IMal-tolesraph  Aroni  Great  Falls  to  Washington 

Excavation  of  distribatiug-reservoir 

Act  cf  March  3, 1873. 

ED^noering.  maintenance,  and  repairing 

If  acadaniizing  coudait-road 

Completing  stone  bridges 

Dwelling  for  gate-keener 

Wooden  fence  at  distribnting-  reservoir 

""  26ENa 
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01 

01 
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.  01 
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15.000  00 
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1,500  00 


1.034  35 
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The  above  balance  of  the  act  of  March  3, 1873,  was  expended  last 
month. 

Col.  T.  B.  Samo,  who  has  been  the  assistant  engineer  in  charge  of 
the  aqueduct  office  for  the  last  ten  years,  has  rendered  most  eflScient 
assistance  in  its  care  and  the  prosecution  of  the  work  during  the  year, 
and  Mr.  K.  Dunning,  in  charge  of  the  office,  has  given  it  most  faithful 
attention  and  service. 

Very  respectfully,  your  obedient  servant, 

O.  E.  Babcock, 
Colonel  of  Engineers^  U,  S.  A. 
Brig.  Gen.  A.  A.  Hu^n'HREYS, 

,     Chwf  of  Engineers^  U.  8.  A. 


APPENDIX    CC. 

ANNUAL  REPORT  OF  MAeTOR  G.  B.  COMSTOCK,  CORPS   OP 
ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30, 1874. 

SURVEY  OF  THE  NORTHERN  AND  NORTHWESTERN  LAKES. 

XJ.  S.  Lake  Survey  Office, 

Detroit,  Mich,,  August  1, 1874. 
General  :  I  have  the  honor  to  submit  the  annual  report  of  the  sur- 
vey of  the  northern  and  northwestern  lakes  for  the  fiscal  year  ending 
June  30,  1874. 

LAKE  SUPERIOR. 

The  work  of  connecting  the  triangulation  of  Lake  Superior  with  that 
of  Lake  Michigan,  which  had  already  been  begun,  was  continued  under 
great  difficulties,  by  Assistant  Engineers  Wisner  and  Marr,  during  the  fall 
of  1873  and  the  early  summer  of  1874.  Aside  from  the  difficulty  in  get- 
ting weather  good  enough  to  read  angles  in,  the  country  in  which  sta- 
tions were  to  be  erected  was  a  dense  forest,  without  any  traveled  roads, 
and,  especially  in  the  spring  of  1874,  rendef  ed  almost  impassable  by  long- 
continued  rains.  These  difficulties,  and  the  results  accomplished,  are 
stated  in  the  reports  of  Assistant  Engineers  Wisner  and  Marr,  given  in 
Appendix  A.  At  the  date  of  this  report  all  the  angles  have  been  read, 
and  the  connection  is  completed.  Assistant  Engineer  Wisner,  in  addi- 
tion to  reading  horizontal  angles,  determined  the  latitude  of  the  south 
end  of  Keweenaw  base-line  and  the  azimuth  of  the  base.  The  Kewee- 
naw base  was  re-measured  during  the  fall  of  1873  by  Assistant  Engineer 
E.  S.  Wheeler,  whose  report  will  be  found  in  Appendix  A. 

LAKE  MICHIGAN. 

At  the  beginning  of  the  fiscal  year,  Assistant  Engineers  Flint  and 
Woodward  were  engaged  in  reading  the  angles  of  the  primary  triangu- 
lation along  the  western  shore  of  Lake  Michigan.  During  the  faU,  the 
angles  of  this  triangulation  were  read  from  Waterford  to  Beerfield,  in 
the  vicinity  of  Chicago.  They  also  reread,  later  in  the  fall  and  in  the 
spring  of  1874,  some  of  the  triangles  in  Green  Bay,  so  that  now  there  is 
a  continuous  chain  of  well-read  triangles  reaching  from  St.  Ignace,  on 
the  north  shore  of  Lake  Sui)crior,  to  the  immediate  vicinity  of  Chicago, 
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and  furnisbiug  an  arc  of  the  meridian  four  hundred  -and  fifty  miles 
long. 

Assistant  Engineer  Flint  also  made  a  careful  determination  of  latitude 
and  azimuth  at  Minnesota  Junction. 

Details  of  the  work  accomplished  by  Assistant  Engineers  Flint  and 
Woodward  will  be  found  in  Appendix  A. 

There  remained  at  the  close  of  the  last  fiscal  year  a  portion  of  off-shore 
hydrography  and  of  topography  at  the  southern  end  of  take  Michigan 
still  uncompleted.  Lieut.  D.  W.  Lockwood,  with  the  steamer  Search, 
continued  and  completed  the  off-shoce  hydrography  and  built  needed 
stations  in  Green  Bay,  and  Assistant  Engineer  Ouster  completed  the 
topography.  The  latter,  late  in  the  fall,  was  sent  to  the  St.  Lawrence 
River.  The  amount  of  work  performed  by  Lieutenant  Lockwood  and 
by  Assistant  Engineer  Custer  is  given  in  detail  in  their  reports  in  Appen- 
dix A. 

A  line  of  azimuths  and  latitudes  on  the  west  shore  of  Lake  Michigan 
had  been  begun  by  Lieutenant  Powell,  and  was  completed  by  him  in 
the  fall  of  1873.  It  begins  at  station  Portage,  whose  latitude  and  longi- 
tude are  determined  by  geodetic  connection  with  Fort  Howard,  and  ex- 
tends to  Milwaukee,  giving  the  latitudes  and  longitudes  of  numerous 
points  along  the  west  shore  of  Lake  Michigan,  thus  checking  the  topo- 
graphical work. 

On  the  east  shore  of  Lake  Michigan,  the  line  of  azimuths  and  latitudes 
starts  from  station  Point  aux  Bees  Scies,  geodetically  connected  with 
Fort  Howard,  and  was  continxied  by  Lieutenant  Maguire  to  South  Haven, 
near  which  point  it  will  connect  with  the  triangulation  at  the  south  end 
of  the  lake. 

The  work  needed  to  complete  the  Wisconsin  triangulation  is  only  the 
reading  of  the  angles  of  the  triangles  at  the  south  end  of  the  lake.  Ulti- 
mately, a  base  should  be  measured  south  of  Chicago  to  verify  the  trian- 
gulation north  of  that  city,  and  to  continue  the  triangulation  east  to 
Lake  Erie  and  south  into  Illinois.  The  reports  of  Lieutenants  Maguire 
and  Powell  will  be  found  in  Appendix  A. 

.    DETROIT  RIVER. 

The  serious  losses  to  commerce  occurring  by  vessels  grounding  where 
the  Detroit  Eiver  enters  Lake  Erie,  and  at  a  place  called  the  Lime  Kilns, 
on  the  Detroit  River,  having  shown  jthat  the  old  charts  of  those  places 
were  not  in  sufficient  detail,  a  resurvey  of  the  river  was  undertaken,  and 
completed  in  the  fall  of  1873,  and  a  preliminary  chart  published  in  the 
spring  of  1874.  The  losses  last  year  from  lack  of  such  a  chart  probably 
amounted  to  $50,000  or  $75,000.  The  survey  was  made  by  Assistant 
Engineer  Lamson,  whose  report  will  be  found  in  Appendix  A. 

ST.  LAWRENCE  RIVER. 

During  the  year,  the  topography  and  hydrography  of  this  river  have 
been  completed,  extending  from  the  head  of  Welles  Island  to  Lake  On- 
tario, while  the  triangulation  has  been  made  continuous  from  the  forty- 
fifth  parallel  to  Clayton,  and  then  extended  to  Lake  Ontario.  The  tri- 
angulation has  been  made  by  Lieutenant  Bailey,  and  Assistant  Engin- 
eers Foote,  Metcalf.  Kussell,  and  Darling;  the  topography  by  Assistant 
Engineers  Towar,  Ouster,  Mayer,  Eisenmann,  and  Terry ;  the  hydro- 
graphy by  the  same  parties,  and  by  Captain  Livermore. 

[Exports  of  Assistant  Engineers  Mayer  and  Towar  will  be  found  in 
Appendix  A. 
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LAKE  ONTARIO. 

A  recoiinoisBance  for  triaii^ulation  has  been  carried  by  Capt.  W.  E. 
Livermore  and  Assistant  Engineer  B.  S.  Wheeler  from  Cape  Vincent 
west  to  Big  Sodas,  and  a  base  has  been  selected  on  the  beach  near 
Sandy  Creek.  Several  of  the  stations  have  been  erected.  The  topo- 
graphy and  in-shore  hydrography  are  in  progress  on  the  south  shore 
from  Cape  Vincent  to  Galop  Island,  the  parties  being  those  of  Assistant 
Engineers  Mayer  and  Eisenmann,  while  on  the  north  shore  the  parties 
of  Assistant  Engineers  Towar  and  Terry  are  carrying  the  topography 
and  inshore  hydrography  along  Wolf  and  Amherst  Islands. 

Lieut.  D.  W.  Lockwood,  on  the  steamer  Ada,  is  charged  with  mov- 
ing and  supplying  parties,  reconnoissance  for  stations  and  their  erec- 
tion, and  off-shore  hydrography. 

LONGITUDE- WORK. 

At  the  request  of  the  geological  survey  of  Wisconsin,  the  determina- 
tion of  the  latitudes  and  longitudes  of  points  on  some  of  the  correction- 
lines  and  principal  meridians  of  the  land-surveys  in  W'isconsin  was  un- 
dertaken in  1873.  A  number  of  points  have  been  determined,  but  the 
reductions  have  been  made  only  for  points  near  Galena.  111.,  Valley  Junc- 
tion, Wis.,  and  Stillwater,  Minn.  Assistant  Engineer  0.  B.  Wheeler  was 
assigned  to  the  longitude- work  at  Detroit;  and  as  no  ofQcer  or  assistant 
could  be  spared  for  the  field,  the  services  of  Prof.  S.  W.  Bobinson,  who 
had  previously  served  on  the  lake  survey,  were  obtained.  All  the  work 
was  reduced  in  the  office  during  the  winter,  and  the  results  are  reported 
by  Assistant  Engineer  O.  B.  Wheeler  in  Appendix  B. 

At  the  request  of  Lieut.  G.  M.  Wheeler,  the  lake-survey  co-operated 
in  1873  with  Dr.  Kampf  in  the  determination  of  the  longitude  of  Ogden, 
Utah.  Assistant  Engineer  O.  B.  Wheeler  was  the  observer  at  Detroit. 
The  work  has  been  reduced,  and  the  results  are  reported  in  Appendix  G. 

At  the  request  of  the  governor  of  Michigan,  the  determination  of  the 
positions  of  some  principal  points  in  the  interior  of  the  State  has  been 
undertaken. 

Lieut.  E.  Maguire  was  assigned,  in  the  spring  of  1874,  as  observer  at 
Detroit,  and  Lieut.  0.  F.  Powell  as  fleld-observer.  The  weather  during 
May  and  June  was  exceedingly  unfavorable,  but  Lapeer,  Flint,  and 
Pontiac  have  been  occupied  for  both  latitude  and  longitude  by  Lieuten- 
ant Powell. 

MAGNETIC  WOBK. 

Gapt.  A.  N.  Lee  continued  his  magnetic  work  during  July  and 
August,  1873,  visiting  several  stations  in  the  vicinity  of  the  great  lakes. 
His  report  is  given  in  Appendix  D. 

The  following  is  a  general  summary  of  the  field-work  during  the  year : 

Longitudes  determined  telegraphically 6 

Latitudes  determined 12 

Primary  azimuths 7 

Primary-trianeulation  stations  ocoapied 37 

Primary  base-line  measured I 

Miles  of  developed  shore-line  surveyed - 544 

Square  miles  of  topography 193 

Square  miles  of  in-shore  hydrography - • 214 

Square  miles  of  off-shore  hydrography 1 1,210 
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OFFICE-WORK. 

During  the  winter,  the  length  of  the  Keweenaw  base  was  compated  by- 
Assistant  Engineers  B.  S.  Wheeler  and  K.  S.  Woodwanl.  Its  com- 
puted length  is  subject  to  a  slight  correction,  depending  on  the  value 
hnally  adopted  for  the  length  of  the  standard  15-foot  bar  at  a  temper- 
ature of  320  Fahrenheit. 

An  attempt  haa  been  made  to  estimate  the  probable  error  in  the 
measurement  alone,  omitting  all  consideration  of  error  in  the  assumed 
length  of  the  standard.  While  the  determination  of  the  probable  errors 
in  measurement  with  an  instrument  whose  length  is  made  up  of  so  many 
imrts,  all  liable  to  small  changes,  and  of  so  complicated  construction, 
necessarily  requires  many  assumptions,  yet  the  discussion  seems  to  show 
that  it  is  capable  of  tolerably  good  work,  without,  however,  reaching  the 
precision  attained  with  the  base-apparatus  of  Bepsold  or  Brunner.  The 
results  are  given  in  Appendix  E. 

There  being  some  uncertainty  as  to  the  accuracy  of  the  screw  of  the 
Wiirdemann  comparator.  Lieutenant  Lockwood  was  directed  to  examine 
it.    His  report  will  be  found  in  Appendix  F. 

A  new  series  of  tests  of  the  thermometers  in  use  being  deemed  neces- 
sary, the  work  was  intrusted  to  Assistant  Engineer  Russell.  His  results 
will  be  found  in  Appendix  G. 

A  series  of  comparisons  of  the  new  lake-survey  yards  6,  7,  8,  9, 10, 
with  each  other,  was  made  under  my  direction,  (in  a  room  whose  tem« 
perature  was  made  as  steady  as  possible,)  by  Assistant  Engineer  E.  S. 
Wheeler,  and  the  results  are  reported  in  Appendix  H. 

It  is  also  deemed  best  to  report  a  series  of  comparisons  of  these  yards 
with  the  15-foot  standard  bar,  although  during  some  of  them  the  sta- 
bility of  temperature  was  much  less  than  in  the  preceding.  These  are 
given  in  Appendix  I. 

The  constants  of  the  14-inch  non-repeating  Simms  theodolite  having 
been  partially  determined,  Assistant  Engineer  Wisner  was  directed  to 
complete  their  determination.    His  results  are  given  in  Appendix  J. 

The  field-work  generally  has  been  reduced,  and  the  work  of  the  topo- 
graphical and  hydrographical  parties  has  been  platted  on  23  sheets  of 
antiquarian  paper.  Meteorological  observations  have  be«n  continued 
during  theyear  at  Port  Austin,  Monroe,  Mich.,  and  at  Sackett's  Harbor, 
N.  Y.    The  results  are  given  in  Appendix  K. 

The  results  of  the  water-lerel  observations  for  the  year  are  given 
graphically  on  Plate  !• 

During  the  year,  Mr.  Mueller  has  completed  for  the  engraver  a  final 
chart  of  Sandusky  Harbor  on  a  scale  of  to^oO'  ^"^  ^^^  corrected  the 
charts  of  "  North  end  of  Lake  Michigan,^  '*  Straits  of  Mackinac,"  and 
"  Beaver  Group,"  so  as  to  include  hydrography  finished  since  their  com- 
pletion. He  has  made  progress  on  the  final  chart  of  *'  South  end  of  Lake 
Michigan"  on  a  scale  of-^^^f^. 

Mr.  Molitor  has  completed  on  stone  a  preliminary  chart  of  the  mouth 
of  Detroit  River  on  a  scale  of  yoJoo?  ^^^  ^^^  chart  has  been  printed.  It 
was  much  needed.  He  has  also  completed,  except  the  lettering,  a  final 
chart  of  Lake  St.  Clair;  scale,  37^^. 

Mr.  Witzleben  has  completed  a  map  of  Chicago;  scale,  y^Joo' 

Chart  No.  1,  of  the  St.  Lawrence  River,  is  nearly  completed ;  scale, 


Mr.  Fisher  has  made  progress  on  chart  No.  2  of  the  St.  Lawrence 
River;  scale,  ^^J^o- 
There  are  forwarded  herewith  a  sketch  showing  the  general  progress 
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of  tlie  lake-survey  and  a  sketch  sliowing  the  triangulation  in  Wis- 
consin. 

The  following  changes  of  officers  under  ray  command  took  place  dur- 
ing the  year : 

Capt.  W.  R.  Livermore,  relieved  May  26. 
Capt.  A.  N.  Lee,  relieved  Febraary  28. 
First  Lieut.  H.  M.  Adams,  joined  .June  8. 
Second  Lieut.  T.  M.  Bailey,  joined  June  1. 

To  the  officers  and  assistants  of  the  lake-survey  my  thanks  are  due 
for  their  hearty  assistance  in  the  work. 

The  need  that  the  survey  of  the  lakes  should  be  vigorously  prose- 
cuted is  best  shown  by  the  number  of  charts  required  by  the  commerce 
of  the  lakes,  now  five  or  six  thousand  a  year,  and  by  the  constant 
inquiry  and  pressure  for  charts  not  yet  completed,  or  for  which  not  even 
the  surveys  have,  as  yet,  been  made. 

It  is  judged  that  the  single  survey  made  last  year  of  the  mouth 
of  Detroit  River  and  of  a  part  of  Lake  Erie  will  save  from  $50,000  to 
$100,000  to  commerce  this  year. 

Financial  statement. 

Amount  expended  during  fiscal  year  1873-74 6175,000 

Amount  available  for  fiscal  year  1874-75 175,000 

Amount  required  for  survey  of  northern  and  northwestern  lakes  for  fiscal 
year  ending  June  30,  1876 :  For  continuation  of  surveys  of  Lakes  Ontario 
and  Erie ;  determination  of  point-s  in  Michigan,  in  aid  of  State  sui-vey ; 
extension  of  triangulation  south  from  Chicago ;  and  miscellaneous 219, 000 

Ustimaie  of  fund4i  for  continuance  of  the  survey  of  the  northern  and  north 
western  lakes  for  the  fiscal  year  ending  June  30,  1876. 

For  continuing  surveys  of  Lakes  Ontario  and  Erie ;  determination  of  points  in  Michi- 
gan, in  aid  of  State  survey ;  extension  of  triangulation  south  from  Chicago ;  and 
miscellaneous,  $219,000.    Details  as  follows  : 

Continuance  of  survey  of  Lake  Ontario,  and  reduction  of  the  work  : 

Triangulation,  six  parties $30,000 

Topography,  four  parties 52,000 

Hydrography,  two  steamer-parties 30, 000 

Survey  of  Lake  Erie,  and  reduction  of  the  work: 

Triangulation,  four  parties 20,000 

Topography,  two  parties 26,000 

Hydrography,  one  steamer-party 15,000 

Survey  of  Lake  Michigan  : 

Reduction  of  previous  work ;  determination  of  points  in  interior  of  Michi- 
gan, in  aid  of  State  survey ;  and  extension  of  triangulation  south 
from  Chicago 25,000 

Miscellaneous : 

Water-level  and  meteorological  observations  and  reductions,  f5,000; 
transportation  of  parties,  quarters,  and  fuel  for  officers,  $6^000 :  office- 
rent,  fuel,  stationery,  and  instruments,  $5,000 ;  completion  of  nuunished 
work,  $5,000 21,000 

Total 219,000 

Very  respectfully,  your  obedient  servant, 

0.  B.  OOMSTOCK, 

Major  of  Engineers  and  Bvt.  Brig.  Gen. 
Brig.  Gen.  A.  A.  Hu3n?HREYS, 

Chief  of  Engineers  J  U.  8.  A, 
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Appendix  A.— Field-wokk. 
1.— Report  of  Mr,  George  T.  Wisner,  Assistant  Engineer, 

Fayette,  Mich.,  Jane  30, 1874. 

General  :  I  have  the  honor  to  submit  the  following  report  upon  the  operations  of  the 
parties  assigned  to  my  charge  during  the  past  fiscal  year. 

During  the  season  of  1873,  the  parties  under  my  Immediate  direction  were  that  of  the 
steamer  Surveyor,  a  triangulation-party,  and  a  station-building  party,  with  orders  to 
work  in  connection  with  Assistant  Engineer  G.  A.  Marr,  in  carrying  a  system  of  tri- 
angulation  from  Lake  Superior  to  Green  Bay. 

During  the  month  of  June,  1873,  the  parties  had  been  distributed  at  their  respective 
stations,  and  with  the  beginning  of  the  fiscal  year  I  commenced  measuring  angles  at 
station  Triloba. 

After  having  occupied  stations  Triloba  and  Shelter  Bay,  I  proceeded  with  steamer  to 
south  base  Keweenaw  Bay,  and  made  a  series  of  observations  for  the  latitude  of  that 
station  and  azimuth  Keweenaw  base  line.  By  the  time  this  work  was  completed,  the 
station-party  had  finished  building  the  large  stations  at  Divide  and  Mud  Lake,  and  as 
Aassistant  Engineer  Wright,  who  had  been  assigned  to  assist  me  in  locating  stations,  had 
been  recalled  to  the  office,  I  was  obliged  to  discontinue  instrumental  work,  and  go  with 
steamer  and  station-party  to  Green  Bay  to  definitely  locate  the  stations,  at  Sturgeon, 
Monistique,  and  Fishdam. 

The  character  of  the  country  crossed  by  this  system  of  triangulation  rendered  recon- 
noitering  and  station-building  extremely  difficult. 

The  laud  was  heavily  wooded  and  interspersed  with  almost  impassable  swamp,  and 
in  some  instances,  in  order  to  obtain  the  required  height  for  the  larger  stations,  we  were 
obliged  to  raise  a  polo  from  thirty  to  forty  feet  above  the  general  level  of  the  forest,  and 
reconnoiter  by  climbing  the  polo  till  the  necessary  height  was  reached  for  seeing  the 
other  station.  Owing  to  a  severe  strain  received  while  doing  this  work,  I  was  detained 
at  Green  Bay  much  l^yond  the  time  expected,  and,  on  returning  to  Lake  Superior  the 
fore  part  of  September,  every  effort  was  made  to  complete  the  work  on  that  side  before 
the  close  of  the  season  ;  but  the  severe  storms  that  then  set  in  rendered  it  impossible 
to  do  instrumental  work,  and  on  October  13th,  the  weather  becoming  so  inclement 
that  there  was  no  hope  of  our  being  able  to  do  anything  more,  the  parties  broke  camp 
and  returned  to  Detroit. 

After  returning  to  office,  I  was  engaged  till  close  of  year  in  determining  the  instru- 
mental constants  of  instrument  used  during  the  season,  and  in  computing  the  season's 
field-not^. 

From  the  beginning  of  the  present  year  until  leaving  the  office  again  for  field-work, 
I  was  occupieifin  computing  the  observations  for  azimuth  made  by  Assistant  Engineer 
A.  R.  Flint  in  1872  and  1873;  Lieutenant  Powell's  observations  for  latitude,  made  during 
1872  and  1873;  and  Lieutenant  Maguire's  observations  for  latitude  and  azimuth  of  1873. 

On  May  5  I  left  Detroit  with  a  triangulation-party,  on  board  the  steamer  Search,  for 
Green  Bay,  to  w^ork  in  connection  with  Assistant  Engineer  Marr,  on  Lake  Sux)erior,  in 
making  the  necessary  measurements  for  completing  the  work  commenced  last  season. 
On  May  10  the  steamer  landed  my  party  at  the  mouth  of  the  Sturgeon  River,  and  the 
work  of  transferring  instruments  and  necessary  camp-equipage  to  the  Monistique 
station  was  at  once  commenced.  But,  owins  to  the  high  stage  ot  water  in  the  rivers 
and  swamps,  we  were  ten  days  In  reaching  tiiat  station. 

Being  entirely  cut  off  from  all  communication  with  the  parties  on  the  bay,  we  had  to 
depend  on  our  own  resources,  and  in  one  case  had  to  send  a  distance  of  lii'ty  miles  in 
order  to  reach  and  re-adjust  a  signal  we  were  unable  to  read  to. 

On  May  30  work  at  the  Monistique  station  was  completed,  and,  as  soon  as  the  instru- 
ments could  be  transferred,  operations  were  commenced  at  Sturgeon.  Here,  however, 
it  was  found  that  the  party  in  charge  of  building  of  stations  on  Green  Bay  the  previous 
fall  had  made  a  mistake  in  regard  to  being  able  to  see  Sturgeon  from  Ford  River,  and, 
consequently,  I  was  detained  until  Assistant  Engineer  Flint  could  locate  and  build  a 
station  at  Pme  Hill,  near  the  head  of  Little  Bay  des  Noquet. 

On  June  17  the  work  at  Sturgeon  station  was  finished,  and  on  the  20th  I  again 
reached  the  mouth  of  Sturgeon  River  with  party,  having  been  forty  days  iu  the  woods 
and  swamps  between  the  Sturgeon  and  Monistique  Rivers,  dunng  which  time  the 
weather  averaged  rainy  at  least  two  days  in  three,  thus  keeping  everything  wet  the 
most  of  the  time,  and  often  completely  spoiling  our  provisions  in  packing  through  from 
snpply-camp  to  station,  a  distance  of  twenty  miles. 

On  June  22  the  steamer  assisted  me  in  moving  to  Fishdam  station,  the  work  at  which 
place  was  finished  on  the  24th,  thus  completing  the  connection  of  the  Lake  Superior 
triangulation  with  that  of  Green  Bay. 

The  ^eneraljiealth  of  party  has  been  good  throughout,  considering  the  exposure  and 
hardships  to  which  all  were  subjected,  and  I  am  under  many  obligations  for  the  hearty 
co-operation  of  all  and  the  cheerful  performance  of  all  duties  required. 
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The  following  is  a  summary  of  work  accomplished  during  the  year : 

1873. 

Number  of  stations  built 6 

Number  of  triangulatiou-stations  occupied 3 

Number  of  latitude-stations  occupied 1 

Number  of  azimuth-stations  occupied 1 

Number  of  primary  angles  measured 12 

Number  of  secondary  angles  measured ^ 10 

1874. 

Number  of  triangulatiou-stations  occupied 3 

Number  of  angles  measured * 13 

Office-work, 

Computation  of  observations  for  latitude  made  at  10  stations.    Computation  of  ob 
serrations  for  azimuth  made  at  5  stations.    Computation  of  field-notes  of  triangulntion 
at  3  stations.    Computation  for  value  of  micrometer  of  Z.  T.  No.  1,  made  at  2  stations. 
Determination  of  instrumental  constants  of  T.  &,  S.  14-iuch  theodolite. 
Very  respectfully  submitted. 

Geo.  Y.  Wisnek, 

Assistant  Engineer. 
Oen.  C.  B.  Comstock, 

Superintendent  t'nited  States  Lake-Survey , 


2.— iJ^poH  of  Mr,  G,  A,  Marry  Assislant  Engineer, 

Camp  Shelter  Bay,  Lake  Superior,  July  1, 1874. 

General:  I  have  the  honor  t<o  make  the  following  report  for  the  fiscal  year  ending 
June  30, 1874  : 

At  the  be^nning  of  the  year,  was  stationed  6n  Granite  Island,  Lake  Superior,  for 
duty  on  mam  triangnlation. 

Was  detained  at  this  station  nearly  two  weeks  after  the  main  part  of  the  work  was 
done,  on  account  of  not  being  able  to  see  the  flash  at  Vulcan  station.  Finally,  on 
August  5,  Assistant  Engineer  Wisner  visited  that  station,  and  succeeded  in  giving  a 
flash. 

Was  transferred  to  Marquette  August  6,  where  we  went  into  camp  at  the  mouth  of 
Carp  River  for  observations  at  station  Mesnard. 

While  at  this  camp,  besides  observing  the  angles  of  the  main  triangnlation,  made  a 
secondary  triangnlation,  in  order  to  locate  churches,  public  buildings,  &c..  in  Mar- 
quette; also,  did  some  leveling  in  connection  with  the  water-gauge  at  that  place. 

Left  Marquette  for  Grand  Island  August  27,  landing  that  night.  Went  into  camp  for 
work  at  the  main  station  on  Grand  Island. 

As  one  of  the  lines  of  si^ht  from  this  station  had  not  been  cut  in  the  right  direction, 
several  days  were  spent  in  watching  the  hill,  which  showed  in  this  supposed* cut  to 
Mud  Lake  station,  but  finally  concluded  it  must  be  out  of  place. 

It  was  not  until  September  20  that  the  line  was  cleared  in  the  right  direction,  and 
as  the  unfavorable  weather  of  autumn  had  set  in,  the  remaining  work  at  this  station 
was  obtained  under  quite  unfavorable  circumstances. 

Left  Grand  Island  for  Detroit  October  9,  and  reported  at  the  oflBce  in  Detroit  Octo- 
ber 13.  On  October  90  received  instructions  to  select  some  station  near  Detroit,  in  the 
triangnlation  of  Detroit  River,  for  observing  azimuth,  and  also  to  observe  the  angles 
at  several  stations  from  Detroit  up  to  Lake  St.  Clair.  A  large  post  was  put  up  on 
Belle  Isle  for  observing  azimuth,  but  on  account  of  snow-storms  and  very  unfavorable 
weather,  the  azimuth-work  was  not  finished  until  November  5.  As  there  were  but  very 
few  days  during  the  winter  nt  for  measuring  angles,  the  triangnlation  of  Detroit  River 
was  not  fully  connected  with  that  of  Lake  St.  Clair  till  just  before  leaving  the  office 
for  field-work  in  May,  1874. 

Was  at  work  in  the  ofiice  during  the  winter,  except  on  such  days  as  were  fit  for  field- 
work.  The  results  for  angles  iu  the  Lake  Superior  work  wore  tabulated,  and  the  mean 
results,  corrections  for  signals,  the  probable  errors,  &.C.,  all  worked  up.  A  computation 
of  a  part  of  the  triangnlation  of  Detroit  River  and  a  recomputation  of  the  base  near 
Wyandotte  were  made,  and  a  geodetic  computation  of  the  whole  trianguiation  of 
Detroit  River. 
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At  two  of  the  stations  in  the  trian^ulation  of  the  river,  the  instrument  conld  not  be 
set  up  in  center  of  station,  and  small  bases  were  measured  and  the  proper  corrections 
made  for  reduction  to  center. 

The  computations  for  azimuth  at  Belle  Isle  were  also  made.  April  17,  received  in- 
Atructions  to  connect  triangnlation-station  Milk  River  Point,  on  Lake  St.  Clair,  with 
east  end  of  land-survev  base-line  of  Michigan.    This  work  was  completed  April  22. 

Left  Detroit  May  9  for  field-work  on  Liuce  Superior,  having  a  party  of  one  recorder 
and  seven  men. 

The  summation  of  work  in  the  field  is  as  follows : 

LAKE  SUPER [OR->8UMMKR  OF  1873. 

Main  triangulation. 

Theodolite-pointings 1,145 

Theodolite-readings ^ 2,380 

Results  for  angles 698 

Secondary  irorA*. 

Theodolite-pointings 247 

Theodolite-readings 302 

TriangulaHorif  Detroit  Biter. 

Theodolite-pointings 1,799 

Theodolite-readings ^ 1,580 

Results  for  angles 325 

Azimuth-work, 

t 

Theodolite-pointings 300 

Theodolite-readings 900 

Results  for  azimuth 136 

Stars  for  time  * ^ 13 

Small  bases  chained,  (total  in  meters) 1,096 

LAKE  SUPERIOR— SEASON  OF  1874. 

Main  iriangulation. 

Theodolite-pointings - 609 

Theodolite-readings 1,164 

Results  for  angles 361 

Secondary  work. 

Theodolite-pointings 106 

Theodolite-readings 184 

Chaining,  (in  meters) 408.4 

Vertical  angles  measured 3 

During  the  season  of  1873  I  had  as  recorder  Mr.  C.  W.  Clark,  who  proved  himself  a 
very  practical  and  reliable  man,  and  has  my  sincere  thanks  for  his  cheerful  co-opera- 
tion at  all  times. 

At  present  I  have  Mr.  George  C.  Comstock  as  recorder,  who  has  shown  much  ability 
for  the  work,  and  will  undoubtedly  render  valuable  service  to  the  survey. 
Very  respectfully,  your  obedient  servant, 

G.  A.  Marr, 
Awistant  Engineer. 
Gen.  C.  B.  Comstock, 

Major  Coiys  of  Engineers ,  U.  S.  A. 
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3. — Eepart  of  Mr,  E.  S.  Wheeler,  Asaialant  Engineer, 

Office  United  States  Lake  Survey, 

Detrmt,  July  1,  1874. 

Sm :  I  have  the  honor  to  report  the  following  field  and  office  work  during  the  latt 
yeir: 

Joly  1, 1873, 1  was  ordered  to  remeasnre  the  Keweenaw  base-line.  Assistant  Engi- 
neers Burton  and  Pratt  and  Recorder  Goldsmith  were  detailed  to  assist  me. 

My  party  consisted  of  eighteen  men,  with  the  usual  outfit.  The  instruments  were 
the  primary  base-apparatus;  Blunt  theodolite  No.  1 ;  and  a  Wiirdemann  level  and  rod. 

The  party,  with  instruments  and  camp-equipage,  left  Detroit  July  3,  and  landed  at 
the  base-line  July  8.  Comparisons  of  the  tubes  with  the  standard  bar  commenced 
July  16,  and  were  continued  till  August  12.  The  measurement  of  the  south  part  of 
the  line  was  completed  September  6,  and  the  whole  line  September  25.  The  remeas- 
urements  were  completed  October  9,  after  which  comparisons  were  made  until  Octo- 
ber 15. 

The  whole  number  of  tubes  in  the  line  is  1,933.  The  first  94  tubes  were  measured 
seven  times.    Therefore  the  whole  number  of  tubes  measured  was  2,497. 

Measuring  was  done  on  32  days,  making  an  average  of  78  tubes  per  day.  The  party 
was  in  the  field  87  working  days,  40  of  which  were  spent  in  comparing,  32  in  measur- 
ing, 7  in  making  camp,  setting  comparator-posts,  and  general  preparations,  2  in  wait- 
ing for  steamer  after  work  was  done,  and  6  were  stormy. 

Camp  was  broken  up  on  the  17th  of  October.  Mr.  Burton  brought  the  party  to 
Detroit,  arriving  here  on  the  21st  of  October. 

My  thanks  are  due  Messrs.  Burton  and  Pratt  for  the  energy  and  care  with  which 
they  executed  all  work  intrusted  to  them.  After  my  party  started  to  Detroit  I  was 
ordered  to  the  south  end  of  Lake  Michigan,  to  inspect  tiie  stations  at  Deerfield,  Pala- 
tine, Park  Ridge,  Danby,  Willow  Springs,  Miller's,  Michigan  City,  Otis,  and  Spriog- 
ville,  which  I  did,  and  arrived  in  Detroit  November  1. 

I  was  then  ordered  to  arrange  one  end  of  the  cellar  under  the  lake-survey  office  for 
a  comparator-room,  setting  the  new  comparator-posts  on  brick  piers,  ceiling  the  sides 
and  top  of  the  room,  and  packing  them  with  sawdust,  and  making  a  double  door. 

A  series  of  60  comparisons  between  the  five  new  yards  and  the  standaixi  bar  was 
made,  lasting  from  December  8  to  December  30.  The  standard  yards  were  then  com- 
pared with  each  other  from  January  14,  1874,  until  March  9.  These  comparisons  have 
been  discussed,  and  results  siven  in  report  No.  254. 

The  computation  of  the  Keweenaw  base-line  was  completed  May  1.  May  5  I  was 
ordered  to  examine  the  water-gauges  at  Cleveland,  Erie,  Charlotte,  and  Sackett's  Har- 
bor, to  select  a  suitable  primary  base-linetiear  the  east  end  of  Lake  Ontario,  and  to 
continue  the  reconnoissance  for  triangulation  along  the  south  shore  of  Lake  Ontario 
westward.  I  completed  the  examination  of  water-gauges  Mav  14.  A  base-line  was 
selected  on  the  shore  of  the  east  end  of  Lake  Ontario,  between  the  months  of  Big  and 
Little  Sandy  Creeks.  Four  stations  are  necessary  to  connect  this  base  with  the  pri- 
mary triangnlation ;  two  at  the  extremities  of  the  line,  one  near  the  village  of  Sandy 
Creek,  and  another  near  the  village  of  Mannsville.  All  these  points  were  selected  and 
marked.  The  reconnoissance  for  triangulation  was  continued  as  far  westward  as  Big 
Sodus. 

The  points  selected  for  stations :  Grand  Point  and  Prince  Edward*6  Island,  Canada, 
Bi^  Sodus,  hill  in  Victory  Township,  hill  in  Butler  Township,  and  a  hill  in  Lyons  Town- 
ship. 

All  of  these  points,  except  the  first  named,  were  visited  and  marked^    June  12 1  was 
ordered  to  return  to  Detroit  and  make  a  second  series  of  comparisons  of  the  standard 
yards  at  a  temperature  as  near  62^  as  possible.    The  comparisons  were  begun  June  16, 
and  have  been  continued  until  the  present  time. 
Very  respectfully,  your  obedient  servant, 

E.  S.  Whrri.er, 
AansUint  Engineer. 

Gen.  C.  B.  Comstock. 


i.^Beport  of  Mr,  A,  R,  Flint,  Aasistani  Engineer, 

United  States  Steamer  Search, 

Hedge-Hog  Harbor,  July  3,  1874. 
General  :  I  have  the  honor  to  submit  the  following  report  upon  field  and  office 
work  done  during  the  fiscal  year  ending  June  30, 1874. 

At  the  beginning  of  the  year  I  was  in  charge  of  the  primary  triangulation  on  the 
west  side  of  Lake  Michigan,  Assistant  Engineer  R.  S.  Woodward  working  in  connection 
with  me. 
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From  July  1  to  August  23  the  triangulation  had  been  completed  from  Caledonia 
and  Waterford,  Wis.,  as  far  southward  as  Deerfield  and  Palatine,  111. 

Churches  or  public  buildings  were  located  in  Racine  and  Kenosha,  Wis.,'^and  in 
Waukegan,  Highland  Park,  and  Evanston,  111. 

From  the  28tn  of  August  to  the  10th  of  September  I  was  making  observations  for  a 
thorough  determination  of  latitude  and  azimuth  at  Minnesota  Junction  Station,  Wis. 

After  finishing  this  work  I  was  ordered  to  Green  Bay,  to  carry  the  primary  triangu- 
lation as  far  northward  as  possible  from  Fort  Howard  during  the  seaaou. 

Owing  to  stormy  and  very  unfavorable  weather,  the  work  was  only  completed  as  far 
as  Peshtigo,  Wis.,  by  the  middle  of  October ;  and  as  the  season  was  so  far  advance  1, 
the  triangulation  in  Green  Bay  was  discontinued,  and  an  attempt'  made  to  carry  the 
primary  triangulation  in  Illinois  as  far  as  Chicago. 

The  weather  proved  to  be  extremely  unfavorable  for  reading  angles,  and,  as  no  sub- 
stantial progress  had  been  made  by  the  4th  of  November,  Assistant  Engineer  Woodward 
and  myself  returned  to  Detroit. 

All  the  stations  occupied  during  the  year,  and  those  occupied  by  myself  in  Wiscon- 
sin in  1672,  were  permanently  marked ;  one  stone  being  set  about  three  feet  below  the  sur- 
face of  the  ground  to  mark  the  trigonometrical  point,  and  three  reference-stones,  each 
rising  about  six  inches  above  the  surface. 

A  section-corner  on; the  correction-line  near  Appleton,  Wis.,  was  connected  with  the 
primary  triangulation,  and  also  the  northwest  corner  of  Benton  Township,  in  Illinois ; 
the  latter  point  being  on  the  State  line  between  Wisconsin  and  Illinois. 

During  the  winter-months  I  was  engaged  in  reducing  my  observations  for  latitude 
and  azimuth  made  at  Minnesota  Junction  in  1873,  and  for  azimuth  made  in  1872  at 
Bruce  Station,  Wis. 

I  was  also  engaged  during  February  and  March  in  reducing  latitude  and  azimuth 
observations  made  by  Lieuts.  E.  Maguire  and  C.  F.  Powell  during  the  season  of  1873. 
.  At  Point  aux  Bees  Scies,  Clay  Banks,  and  South  Haven,  Mich.,  and  Fox  Point,  Wis.,  I 
also  observed  and  reduced  observations  for  determining  the  value  of  one  turn  of  the 
micrometer-screw  of  zenith-telescope  No.  19. 

Reports  in  detail  have  been  submitted  on  all  ofiice-work. 

On  the  1st  of  May,  1874, 1  was  assigned  to  the  charge  of  the  steamer  Search  to  complete 
the  primary  triangulation  of  Green  Bay,  working  in  connection  with  Assistant  Engi- 
neers G.  Y.  Wisner  and  R.  S.  Woodward. 

It  was  hoped  to  complete  the  triangulation  by  the  30th  of  June,  but  stormy  and 
foggy  weather  has  prevented  it. 

Some  delay  was  caused  by  my  party  having  to  locate  and  build  a  station  to  connect 
the  Green  Bay  triangulation  with  that  brought  overland  from  Lake  Superior. 

Two  weeks  were  spent  in  this  work. 

It  was  reported  by  the  station-building  party  in  1873  that  all  the  stations  necessary 
for  making  the  connection  had  been  built,  but  it  seems  that  no  reconuoissance  was 
made,  or  the  error  would  have  been  discovered. 

On  the  30th  of  June  five  stations  remained  to  be  occupied  before  the  triangulation 
of  Green  Bay  would  be  completed. 

During  the  year  I  have  been  eflBciently  aided  by  Recorders  V.  H.  Laur  and  W.  C. 
Ells,  and  I  have  especially  to  acknowledge  the  valuable  assistance  rendered  by  As- 
sistant Engineer  R.  8.  Woodward.    His  field-work  is  entitled  to  the  highest  credit. 

The  following  is  a  statement  of  the  field-work  for  the  fiscal  year : 

Triangulation  in  1873. 

Number  of  stations  occupied  on  the  west  shore  of  Lake  Michigan 5 

Number  of  primary  angles  measured 24 

Number  of  secondary  angles  measured 8 

Number  of  stations  occupied  in  Green  Bay 3 

Number  of  primary  angles  measured 13. 

Number  of  secondary  angles  measured 3 

Latitude. 

Number  of  nights  observed 4 

Number  of  pairs  of  stars  observed 147 

Number  of  stars  observed  for  value  micrometer-screw 4 

Number  of  single  observations 624 

Azimuth, 

Knmber  of  nights  observed *. 4 

I^nmber  of  standard  circumpolar  stars  observed 14 

If  umber  of  single  observations 224 
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Triangulaiion  in  1874. 

Number  of  stations  occupied 5 

Number  of  angles  measured 14 

Number  of  stations  built 1 

SUMMARY  FOR  THE   YBAR. 

Ti'iangulaHon. 

Number  of  stations  occupied * • 13 

Number  of  primary  angles  measured 50 

Number  of  secondary  angles  measured.... 11 

Number  of  results  on  each  primary  angle,  40 ;  making  in  all 2,000 

Latitude. 

Number  of  pairs  of  stars  observed 147 

Number  of  observations  for  one  turn  of  micrometer  screw 624 

Azimuth, 

Number  of  observations  on  circumpolar  stars 14 

Number  of  results  at  each  observation )  16;  making  in  all 224 

Number  of  stations  permanently  marked 21 

Very  respectfully  submmitied. 

A.  R.  Flint, 

Assistant  Engineer. 
Gen.  C.  B.  Comstock, 

Superintendent  United  State  Lake-Survey. 

b.— Report  of  Mr.  R.  S.  Waodipard^  Assistant  Engineer. 

Fayktte,  Delta  County,  Mich., 
June  30,  1874. 

Sir  :  In  accordance  with  your  instructions  of  May  1,  1874, 1  have  the  honor  to  sub- 
mit the  following  report  in  regard  to  field-work  during  the  season  of  1873,  office-work 
during  the  winter  of  1873  and  1874,  and  field-work  thus  far  for  the  present  season. 

May  1, 1873, 1  was  ordered  to  proceed  to  the  work  of  reading  angles  of  the  triangn- 
lation  in  Wisconsin,  assigned  to  the  immediate  charge  of  Assistant  Engineer  A.  R. 
Flint. 

Accordingly,  we  left  Detroit  on  May  2,  and  on  May  6  began  work  at  Horicon  station, 
near  Horicon  Village,  Wis.  My  party  consisted,  besides  myself,  of  Mr.  M.  Brennan, 
recorder,  and  Mr.  S.  L.  Large,  observer's  attendant. 

After  completing  the  work  at  Horicon,  we  took  the  west  line  of  stations  of  the  sys- 
tem, beginning  with  Lebanon,  and  occupied  in  succession  stations  Lebanon,  Delafield, 
Waterford,  Dover,  Bristol,  Antioch,  and  Fremont,  reaching  Palatine,  the  next  station 
south  of  Fremont,  on  August  14. 

At  this  time  orders  were  received  to  repair  to  Sheboygan,  Wis.,  and  report  for  duty 
to  Lieut.  C.  F.  Powell,  Corps  of  Engineers.  We  left  Palatine,  therefore,  August  16,  and 
reached  Sheboygan  August  18. 

Reported  to  Lieutenant  Powell  the  following  day,  and  received  instructions  to  read 
the  azimuth-angles  and  make  the  shore-line  corrections  at  North  and  South  Sheboygan 
stations.  This  work  was  completed  August  24,  and  we  left  Sheboygan  on  the  25th, 
reaching  Palatine,  111.,  on  the  26th.  Owing  to  very  unfavorable  weather,  we  were 
unable  to  complete  the  work  at  Palatine  station,  though  we  remained  there  till  Sep- 
tember 6.  On  the  latter  date,  in  compliance  with  instructions  from  Assistant  Flint, 
we  proceeded  to  Green  Bay  to  work  on  the  triangulation  connecting  the  Wisconsin 
and  Lake  Superior  systems.  We  began  work  on  the  bay  September  8,  and  between 
this  date  and  October  15  occupied  Little  Tail  Point,  Bruce,  and  Fort  Broward  stations. 
The  work  processed  slowly,  however,  on  account  of  foggy  and  stormy  weather.  At 
Little  Tail  Point  nearly  a  month  was  consumed.  At  each  of  Bruce  and  Fort  Howard 
only  two  angles  were  to  be  read,  but  the  atmosphere  was  so  continually  foggy  and 
unsteady  as  to  render  the  results  obtained  rather  unsatisfactory. 

October  15,  we  left  Qreen  Bay  for  Palatine,  having  received  orders  to  return  to  the 
triangulation  in  Illinois.    Here  a^ain  the  weather  proved  very  unfavorable. 

It  was  desired  to  carry  the  triangulation  as  far  as  the  shot-tower  in  Chicago,  but 
very  little  progress  was  made  up  to  November  1,  when  we  were  ordered  to  return  to 
the  office.  • 

During  the  entire  season,  the  10-inch  Gambey  repeating- theodolite  was  used.  Its 
reputation  as  a  repeatiug-instrument  has  already  been  established,  and  needs  no  com- 
ment here. 
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MeniioD  mnst  bo  made  of  tbe  cordial  assistance  rendered  at  all  times  by  Messrs. 
Brennan  and  Larp^e.  To  them  is  due,  in  a  great  degree,  the  general  success  of  the 
season's  work.  Mr.  Large  rendered  especially  valuable  service  in  setting  targets  and 
in  flashing.  A  summary  of  the  season's  work  in  tabular  form  will  be  found  at  the 
close  of  the  report. 

Soon  after  returning  to  the  office  in  November  last,  I  was  ordered  to  report  to  Assist- 
ant Engineer  E.  S.  AVneeler.  Under  his  direction,  I  assisted  in  making  comparisons 
between  the  standard  bar  and  yards,  in  the  determination  of  constants  of  the  base-line 
apparatus,  and  Computed  the  length  of  Keweenaw  base  from  the  measurement  of  1873. 
The  details  of  this  work  will  be  found  in  Assistant  Engineer  Wheeler's  reports. 

May  5, 1874, 1  was  again  ordered  to  the  field,  and  took  passage  on  board  lake-survey 
steamer  Search,  in  charge  of  Assistant  Engineer  A.  R.  Flint,  for  Green  Bay. 

We  began  work  on  the  triangulation  May  13,  at  D^broux's  Bluff  station.  Since  then 
we  have  completed  the  work  at  D^broux's  Bluff,  Menomonee,  and  Burnt  Bluff  stations. 

At  Menomonee  we  carried  a  secondary  system  of  triangulation  four  miles  up  the 
Menomonee  River  to  connect  the  triangul  at  ion-station  with  a  point  on  the  land-survey 
correction-line  in  Wisconsin. 

My  thanks  are  due  to  Col.  A.  Jacobi,  civil  engineer,  Menomonee,  and  the  Messrs. 
Van  Cleve,  civil  engineers,  MarinettCi  for  assistance  rendered  in  determining  a  section- 
corner  on  the  above  line. 

This  season,  Mr.  E.  L.  Ferguson  has  served  as  recorder  for  the  party,  and  Mr.  S.  L. 
Large  as  observers'  attendant.  They  have  both  given  valuable  aid  in  the  prosecution 
of  the  work.  In  the  primary  triangulation,  the  Trough  ton  and  Simms  14-inch  non- 
repeating theodolite  has  been  used  thus  far. 

In  the  secondary  work  at  Menomonee,  the  Blunt  10-inch  theodolite  was  used. 

The  former  instrument  has  given  excellent  satisfaction;  the  latter  will  be  reported 
on  hereafter. 

Below  is  given  a  summary  of  field-work  done  during  the  seasons  of  1873  and  1874. 

Summary  of  fiejld-worh  done  during  1873  and  1874. 
1873, 

Between  May  1  and  July  1 : 
Number  of  stations  occupied 4 

Number  of  angles  "i^asaJ^  j  Ju^^uary ^5 

Between  July  1  and  November  2 : 
Number  of  stations  occupied 9 

Number  of  angles  meafiur^j P^j*^^^--" •y";-;";;y;;;-;;;;y^;"y         ^ 

Between  May  1  and  November  2 : 

Number  of  stations  occupied 13 

Number  of  angles  measured  j  g^j^^"^  ^ 


1874. 


Between  May  5  and  July  1 : 


Number  of  etotioos  oec»pied|  p^Sr^"::::::::::::::::::::::::;:::::::::::::  lo 

Number  of  angle,  r^^^fA^^^^g^-"":-"-^^^^^^^^  ^ 

Very  respectfully, 

R.  8.  Woodward, 
ABsisiant  Engineer, 
Gen.  C.  B.  Comstock, 

Superinten€lent  U,  8»  Lake-Surveif, 

6. — Seport  of  Lieui.  D.  IT.  Locktpood,  Corps  of  Engineers, 

United  States  Lake-Sdbvey  Steamer  Ada, 

June  30,  1874. 
Major  :  I  have  the  honor  to  submit  the  following  report  of  work  done  by  parties 
under  my  charge  during  the  fiscal  year  ending  June  30,  1874 : 

May  10,  1873,  I  left  Detroit  in  command  of  the  lake-survey  steamer  Search,  with 
the  oetronomical  parties  of  Lieutenants  Maguire  and  Powell  on  board  the  boat. 
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* 

Lieutenant  Maguire's  party  was  landed  at  Whitehall,  Micb.,  and  Lientenant  Poweirs 
at  Clay  Banks,  (west  shore.) 

Up  to  the  7th  of  June,  the  crew  were  engaged  in  bnilding  and  repairing  stations 
and  cutting  out  sight-lines  along  the  west  shore  of  Lake  Michigan  from  Clay  Banks 
to  Milwaukee.  After  the  last-mentioned  date,  the  off-shore  hydrography  of  the  south 
end  of  the  lake  was  completed  from  near  New  Buffalo  to  Wind  Point,  north  of  Racine. 

During  the  latter  part  of  August,  the  steamer,  in  accordance  with  your  instructions, 
proceeded  to  Green  Bay,  and  from  the  time  of  her  arrival  there  until  ^he  close  of  the 
season,  October  15,  the  party  was  engaged  in  building  and  repairing  the  stations 
required  to  carry  the  primary  triangulation  from  Big  Bay  des  Noquet,  south  to  Green 
Bay  City. 

The  boat  arrived  at  Detroit  October  17,  1873.  Daring  the  winter  I  was  engaged  in 
looking  after  the  plotting  of  the  off-shore  soundings,  laying  up  and  fitting  out  the 
steamers,  and  in  collecting  data  for  a  report  on  methods-of  shore-line  work  practiced 
on  the  lake-survey,  accuracy,  &c. 

May  5,  1874,  I  left  Detroit  in  command  of  the  lake-survey  steamer  Ada,  with  in- 
structions to  build  what  stations  were  reqnired  at  the  east  end  of  Lake  Ontario,  to 
complete  the  secondary  triangulation  of  the  St.  Lawrence,  already  nearly  finished. 

In  addition  to  this,  my  instructions  also  required  me  to  move,  when  necessary,  the 
shore-parties,  four  in  number,  and  supply  them.  Up  to  the  end  of  the  fiscal  year,  the 
following  work  has  been  performed ;  Stations  built,  9 ;  one  35-foot,  three  25-tbot,  and 
five  10-foot  center-posts. 

In  addition,  nearly  all  the  stations  of  last  year  required  repairing,  and  in  most  cases 
marking.  Considerable  cutting  has  been  done ;  a  secondary  base-lino  near  C«ape  Vin- 
cent has  been  measured. 

The  secondary  triangulation  of  the  St.  Lawrence  has  been  completed  to  the  line 
A  Tibbet's  Point —  A  Bear  Point,  and  the  secondary  base  at  Cape  Vincent  connected 
with  the  line  A  Sir  John's —  A  Carlton.  Considerable  time  has  been  occupied  in  sup- 
plying and  moving  shore-parties. 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

D.   W.   LOCKWOOD, 

Fir«i  Lieutenant  of  Engineers, 
Maj.  C.  B.  COMSTOCK, 

Corps  of  EngineevH. 


l.—Beport  of  Mr.  Henry  Custer^  Assistant  Engineer, 

Detroit,  Micu.,  July  I y  1874. 

Sir  :  Agreeably  to  your  instructions,  I  have  the  honor  to  lay  before  you  a  report  of 
the  field-work  and  olBce-work  rendered,  the  former  by  the  party  under  my  charge 
during  the  summer  of  1873,  the  latter  by  myself  and  assistants  daring  the  winter  of 
1873-74  and  summer  of  1874  up  to  date. 

The  party^  consisting  of  twenty-one  men,  one  subassistant,  and  two  recorders, 
reached  Racine  City,  Wis.,  the  10th  of  May.  It  established  its  camp  near  the  month 
of  Root  River.  The  work  in  this  locality  still  left  unfinished  from  last  season  (1872) 
was  continued,  and  brought  to  a  termination  by  the  23d  of  June  following.  The 
labors  of  the  party  performed  here  were  the  following :  A  triangulation  was  extended 
over  the  entire  city  of  Racine,  serving  as  a  base  for  a  minute  topographical  survey  of 
the  city  and  surroundings,  made  partly  with  the  plane-table,  (when  the  weather  was 
favorable,)  partly  with  the  theodolite. 

This  triangulation  furnished  also  a  base  for  the  termination  of  some  32  buoys, 
located  over  what  is  called  "  The  Racine  Reef.^'  A  large  number  of  soundings  were 
taken  between  these  buoys,  in  every  conceivable  direction,  securing  an  exact  definition 
of  the  extent  and  nature  of  the  shoal  and  reef  east  of  the  Racine  light-house. 

While  the  undersigned  was  occupied  in  the  performance  of  the  above  labors,  Assist- 
ant Engineer  V.T.  McGillycuddy  was  occupied  in  making  a  minute  topographical  sur- 
vey around  the  city-limits  of  Milwaukee,  Wis.  Subsequently,  a  triangulation  was 
also  made  of  this  city  by  myself,  and,  being  very  ably  assisted  by  Assistant  Engineer 
V.  T.  McGillycuddy,  this  work  was  terminated  with  good  results  during  the  unprece- 
dentedly  short  time  of  only  three  days. 
^  In  addition  to  the  above-mentioned  work,  azimuth-observations  wore  made  this 
time  while  Polaris  was  at  its  eastern  elongation,  agreeing  perfectly  with  those  made 
the  fall  previous  at  the  western  elongation  of  the  same  star.  A  shore-line  su  rvey  of 
two  and  a  half  miles  in  extent,  with  the  corresponding  off-shore  soundings  and  in-shore 
topography,  was  also  made.  This  work  was  necessary  to  close  up  the  gap  between  the 
two  terminal  points  of  shore-line  survey,  namely,  first,  of  our  survey  of  1872 ;  secondly, 
of  the  shore-line  survey  of  Assistant  Engineer  J.  R.  Mayer,  (Ada  station  VI,)  of  1871, 
in  this  direction.  A  few  soundings  were  also  taken  in  Root  River,  and  extended  up- 
stream as  far  as  navigable. 
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On  tbe  25th  of  Jnne  the  party  was  move<l  to  Waukegan,  111.  Here  a  suitable  camp 
was  foiiiKl  about  one  mile  south  from  the  city,  near  the  lake-shore.  Here,  as  in  Racine 
City,  a  triangnlation  was  made,  furnishing  the  base  for  a  minnto  plane-table  survey  of 
Waukegan  City  and  surroundings.  In  addition  to  this,  a  shore-line  survey  was  made, 
extending  northward  seven  miles,  to  the  terminal  point  of  my  shore-line  survey  in 
187*2 ;  southward  it  extended  some  nine  and  a  half  miles  to  the  southern  limits  of  the 
village  of  Lake  Forest. 

This  survey  entailed  considerable  labor  by  its  necessary  correspondrng  ofif-shore 
soundings  and  in-shore  topography.  In  the  vicinity  of  Waukegan,  for  instance,  the 
5-fathom  curve  could  only  be  reached  at  a  distance  of  a  mile  or  one  and  one-half  miles 
from  shore.  On  the  2d  of  August,  the  labors  of  the  party,  somewhat  retarded  by- 
rainy  weather  and  considerable  sickuess  among  the  crew,  were  terminated  for  this 
locality.  On  the  4th  of  August  the  party  was  moved  southward,  to  the  village  of 
"SVinnetka,  111.  This  locality  was  selected  as  the  most  central  point  between  the  two 
limits  of  the  shore-line  yet  to  be  surveyed. 

The  shore-lino  survey  executed  here  extended  northward  ten  miles  and  eight  and 
one-half  miles  southward,  to  the  terminal  point  of  Assistant  Engineer  J.  R.  Mayer's 
shore-line  survey  of  1872  in  this  direction. 

Corresponding  off-shore  soundings  were  made  along  the  whole  extent  of  the  shore- 
line survey.  A  considerable  shoal,  extending  itself  northeast  and  southeast  of  the  lo- 
cality knoVn  as  Grosse  Point,  was  carefully  defined  by  a  large  number  of  soundings. 
A  plane-table  survey  was  made  by  the  undersigned  of  Evanston  and  North  Evanston, 
based  here,  as  elsewhere,  upon  a  snfficient  number  of  triangulation-points.  The  in- 
shore topographical  survey  along  this  portion  of  the  lake-shore  was  most  laborious, 
on  account  of  the  imbrokeu  chain  of  towns  and  villages  situated  upon  this  portion  of 
the  lake-shore. 

On  the  12th  of  September  the  labors  of  the  party  at  this  point  were  terminated. 
Agreeably  to  your  orders,  arrangements  had  been  made  with  one  of  the  northern 
transportation-steamers  to  move  the  party,  boats,  and  camp-equipage  to  its  new 
place  of  labor,  the  St.  Lawrence. 

Accordingly,  on  the  14tli  of  September,  the  party  was  brought  to  Chicago,  and  there 
placed  on  board  of  the  steamer  St.  Albans,  on  the  eve  of  sailing  for  the  St.  La>vrence. 

The  party  reached  Clayton,  N.  Y.,  on  the  23d  of  Sejjtiember.  On  the  24th  of  Septem- 
ber it  was  taken  on  board  of  the  United  States  lake-survey  steamer  Ada,  in  command 
of  Captain  Livermore,  and  brought  to  the  new  camping-ground,  on  the  northeast  shore 
of  Wolfe's  Island,  in  the  St.  Lawrence.  During  the  stay  of  the  party  in  this  locality, 
a  plane-table  survey  was  made  of  a  portion  of  Wolfe's  Island ;  the  survey  extended 
eastward  to  the  light-house  on  the  east  end  of  the  island.  A  similar  survey  (plane- 
table)  was  made  by  Assistant  Engineer  V.  T.  McGillycuddy,  over  a  portion  of  Howe's  or 
Sir  John's  Island.  These  surveys  were  not  immediately  based  upon  triangulation-points. 
Their  validity  was,  however,  fully  established  by  a  subsequent  triangnlation,  made  by 
the  undersigned,  which  verified  the  plane-table  work,  and  extended  itself  westward 
and  northward  some  distance  down  the  Bateau  Channel.  Altogether  about  twenty- 
eight  miles  of  shore-line  were  surveyed  from  the  camp  on  Wolfe's  Island.  The  princi- 
pal bays  along  this  portion  of  the  shore-line  of  Wolfe's  Island  were  also  sounded.  On 
the  1st  of  November  the  work  was,  owing  to  rough  weather  setting  in,  discontinued, 
the  party  taken  on  board  the  steamer  Ada,  with  orders  to  store  boats  and  camp-equip- 
age at  Clayton,  N.  Y.  This  order  was  subsequently  carried  out,  with,  however,  the 
loss  of  one  of  our  boats,  which  was  wrecked,  during  a  severe  gale,  while  the  steamer 
was  on  her  way  to  Clayton. 

On  the  10th  of  November  the  steamer  Ada  reached  Detroit  with  the  party  on  board. 

During  the  winter  1873-74  the  undersigned  was  occupied  in  plotting  his  field-notes 
and  in  making  the  necessary  computations.  (Very  little  of  this  sort  of  labor  had  been 
done  in  the  field.)  During  the  time  from  December  to  May  1  the  undersigned  was 
assisted  by  one,  oftener  two,  assistant  engineers,  whose  labors  necessitated  direction. 
Since  May  1  and  up  to  date  the  undersigned  has  continued  his  labors  in  the  office,  but 
unassisted.  The  results  of  all  these  labors,  both  in  the  field  and  in  the  office,  are  stated 
in  detail  in  the  tables  which  are  added  to  this  report,  and  out  of  them  all  the  necessary 
information  as  to  how  much  has  been  done  and  in  what  manner  these  surveys  have 
been  conducted  can  be  had. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

Henry  Custer, 
Assistant  Engineer, 

Gen.  C.  B.  Comstock, 

Superintendent  United  States  Lake  Surver, 
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Q.^Beportof  Mr.  A,  O,  Lamsonj  AisiBiant  Engineer, 

Office  United  States  Lake-Survey, 

Detroit,  Mich.,  June  5,  lo74. 

Sir:  I  baye  the  honor  to  submit  the  following  report  of  operations  of  the  party 
under  my  charge  during  the  season  of  1873,  together  with  the  office-work  done  during 
the  winter  of  1874. 

On  May  1, 1873, 1  received  instrnctions  f^om  you  to  make  a  recounoissance  on  the 
Detroit  River  for  a  baae-line  for  the  secondary  triangulation. 

I  was  furnished  with  >  steam-launch,  ^nd  was  assisted  in  the  work  by  Assistant 
Engineer  F.  Terry.  f 

A  base-line  was  found  on  the  Michigati  Central  Railroad,  in  the  neighborhood  of 
Wyandotte,  about  6,000  feet  long,  ;j^nd  was  subsequently  measured  by  Assistant  Engi- 
neer F.  M.Towar.  Haviuff  carried 'out  my  instructions,  I  returned  to  Detroit  May  3. 
On  May  5,  under  instructions  to  itiake  a  survey  of  the  Detroit  River,  I  embarked,  with 
Assistant  Engineer  F.  Terry  and  Recorders  J.  Teeple,  Wtinlemann,  and  21  laborers,  on 
board  the  United  States  steamer  Surveyor,  and  proceeded  down  the  river,  establishing 
camp  on  Sugar  Island,  moving  camp  in  a  few  days  over  to  Bois  Blanc. 

The  work  in  this  field  embraced  the  survey  of  Lake  Erie  in  the  neighborhood  of  Bar 
Point,  and  the  river  up  as  far  as  Stony  Island  on  the  Canadian  shore,  and  no  as  far  as 
Trenton  on  the  American  shore,  including  the  lower  end  of  Grosse  Isle  and  the  ishinds 
in  that  locality. 

The  work  on  Lake  Erie  was  greatly  retanled  in  consequence  of  many  severe  storms 
experienced  during  our  stay  in  that  locality,  also  in  the  displacement  of  buoys  by  the 
almost  continuous  stream  of  steamers  and  sailing-vessels  passing  in  and  out  the  river. 
In  the  river  the  same  trouble  was  found,  with  the  additional  disadvantage  of  swift 
currents,  especially  near  Stony  Island. 

On  July  25  camp  was  moved  from  Bois  Blanc  to  the  head  of  Grosse  Isle,  and  the 
work  carried  up.  the  river  as  far  as  Ecorse. 

On  September  9  camp  was  moved  from  Grosse  Isle  to  Fort  Wayne,  and  the  work 
carried  up  the  river  as  far  as  Eighteenth  street,  Detroit. 

On  October  3  camp  was  moved  from  Fort  Wayne  to  Belle  Isle,  and  the  Detroit 
River  survey  connected  with  the  survey  of  Lake  St.  Clair.  By  November  7,  at  which 
time  camp  at  Belle  Isle  was  broken  np  and  the  party  returned  to  Detroit,  the  svrvey 
of  Detroit  River  was  completeh,  with  the  exception  of  the  city -front. 

Immediately  after  the  return  of  the  party  from  the  field,  Assistant  Engineers  F.  Terry 
and  J.  Teeple  were  oi-dered  by  you  to  survey  the  city-front,  which  they  accomplished 
in  about  ten  days,  completing  the  survey  of  the  Detroit  River. 

On  April  1, 1874,  Assistant  Engineer  F.  Terry  was  ordere<l  by  you  to  make  a  survey  of 
the  city  of  Detroit;  subsequently  Assistant  Engineer  .7. Teeple  was  ordered  into  the 
field  on  the  same  duty.  Assistant  Engineer  Terry's  work  included  the  survey  east  of 
Woodward  avenue,  and  that  of  Assistant  Engineer  Teeple  the  survey  west  of  Wood- 
ward avenue,  the  work  being  completed  about  the  1st  of  May.  The  secondary  triangn- 
lation  of  the  river  was  commenced  by  Assistant  Engineer  Towar,  who  carried  the 
work  from  Pointe  MouiUe  up  the  river  as  far  as  Sandwich,  when  the  work  was  turned 
over  to  me.  ^ 

I  established  stations  up  the  river  and  through  the  city,  connectiog  with  the  light- 
house on  Lake  St.  Clair,  when  the  secondary  triangulation  was  transfered  to  Assistant 
Marr,  who  completed  the  work  during  the  winter  of  1874. 

To  Assistant  Engineer  F.  Terry  and  Recorder  J.  Teeple  I  wish  to  express  my  thanks 
for  their  zeal,  ability,  and  Care  during  the  summer's  operations.  Recorders  Wtirde- 
mann  and  Wells  rendered  good  service  as  far  as  they  were  capable. 

27  ENG 
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The  following  is  the  amount  of  field-work  accomplished  daring  the  season : 


Field-work. 


5^ 


1 


Stations  built 

Sounding-stations 

Theodolite-pointings 

Theodolite-readings 

Lines  of  soundings 

Casts  of  lead 

Sextant-angles 

Buoys - 

Compass-readings  . . . .' 

Observations  on  Polaris 

Square  miles  of  hydrography . 
Square  miles  of  topography. . 

Shore-lines 

Angles  measured 


35 

185 

5,220 

5,686 

907 

26,633 

152 

78 

2 

2 

18 

16 

42 


70 

371 

10,440 

11,373 

1,814 

53,266 

305 

157 

5 

3 

36 

32 

83 


105 

556 

15,660 

17,059 

2,121 

79,899 

457 

235 

7 

5 

54 

48 

125 

10 


The  following  is  the  amount  of  office- work  done  during  the  winter  of  1874 : 

Square  inches  of  hydrography ^ 2,173 

Square  inches  of  topography 1,924 

Shore-line  traced 125 

Points  i>lotted 661 

Lines  of  soundings  plotted 2,121 

Buoys  plotted 235 

Very  respectfully,  your  obedient  servant, 

A.  C.  Lamson, 
A89istant  Engineer, 
Maj.  C.  B.  CoMSTOCK, 

Corps  of  Engineers^  Superintendent  United  States  Lake-Surrey, 


0.— Report  of  Mr.  J.  R.  Mayer.  Asmetant  Engineei\ 

Mud  Bay,  June  28, 1874. 

Sir  :  In  compliance  with  your  instructions,  I  have  the  honor  to  address  yon  the  fol- 
lowing report : 

Report  of  the  amount  of  work  done  by  my  party  from  July  11, 1873,  to  October  21, 
1873: 

Trigonometrical  stations  built 46 

Sounding-stations  built 198 

Buoys  located 29 

Lines  sounded 968 

Miles  of  soundings 539 

Casts  of  the  lead '. 22,133 

i«a„gu,ation|^t"gr.::::::::::::::;:::::::::::::::::::::::::::::::::  i.^ 

t  pointings 5,231 

Topography <  readings 6,650 

(  vertical  angles 1,392 

Miles  of  shore-line 76. 5 

Miles  of  roads  leveled 23 

Square  miles  of  topography 17.3 

Square  miles  of  hydrography 18 

Meridian  observed 1 

Base-lines  measured 3 

The  survey  was  based  on  a  tertiary  triangnlation  made  by  me,  and  having  for  base- 
line a  side  of  the  primary  triangulation  (A  i)orr — A  Grindstone)  given  to  me  before  I 
started  for  the  field.   Bat  having  discovered  that  the  data  was  erroneous,  being  too  short 
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of  280™.25, 1  was  compelled  to  make  an  additional  work  in  measuring  three  small  base- 
lines, and  forming  twelve  new  triangles,  which  work  caused  a  loss  of  some  fifteen  days 
and  checked  the  progress  of  the  other  divisions  of  the  survey  so  much  that  the  amount 
of  work  done  for  shore-line  and  soundings  during  nearly  a  month  was  very  little. 
Consequently  it  would  be  fair  to  date  the  beginning  of  the  survey  from  the  Ist  of 
August,  1873.  ^ 

Besides  that,  it  has  been  necessary  to  exceed  your  instructions,  in  order  to  sketch, 
minutely  all  the  accidents  of  the  ground  by  leveling  carefully  more  points,  and  tracing 
the  contour-lines  10  feet  apart  of  vertical  elevation. 
Very  respectfully, 

J.  R.  Mayer, 
Asristant  Engineer, 
Maj.  C.  B.  CoMSTOCK, 

Corps  of  Engineers f  Bvt.  Brig,  Gefieral,  U,  S,  J. 


10. — Report  of  Mr.  F,  M.  Toicar,  Assistant  Engineer, 

GA27ANOQUE,  Ontabio,  June  30, 1874. 

Major  :  I  have  the  honor  to  submit  the  following  report  of  the  work  done  by  the 
party  under  my  charge  during  the  fiscal  year  ending  June  30, 1874. 

On  Jaly  3, 1873, 1  left  Detroit  for  the  St.  Lawrence  River  on  board  the  United  States 
steamer  Ada,  having  with  me  Assistant  Engineer  A.  T.  Morrow,  Recorders  Russel  and 
Brotherton,  and  six  men. 

We  arrived  at  Wellesley  Island,  St.  Lawrence  River,  on  the  morning  of  July  7,  where 
we  established  the  camp. 

I  proceeded  at  once  to  Ogdensburg  to  recruit  the  remainder  of  my  party.  I  accom* 
plished  this  and  returned  on  July  10. 

We  remained  at  this  place  until  September  1,  completing  the  Canada  channel  from 
Rockport  to  Gananoqae,  a  distance  of  about  twelve  miles.  In  this  distance  there  were 
upward  of  three  hundred  islands,  grouped  together  in  many  instances  so  thickly  as  to 
render  the  development  of  their  shore-line  very  difficult. 

On  September  1  my  camp  was  moved  lo  the  American  channel,  between  Clayton  and 
Cape  Vincent. 

We  occupied  two  camps  on  this  channel,  completing  it  from  the  foot  of  Long  Island 
to  Tibbitt's  Point  light-house  at  the  head  of  the  river. 

On  October  23  we  broke  up  camp  for  the  season,  and  the  party  was  disbanded.  I 
was  then  ordered  to  report  to  Capt.  W.  R.  Livermore,  Corps  or  Engineers,  under  whose 
orders  I  was  engaged  until  November  10,  when  we  arrived  in  Detroit. 

During  the  winter-season,  my  work  was  plotted  on  five  sheets  of  antiquarian  paper 
by  myself  and  Assistant  Engineer  J.  Teeple. 

I  am  particularly  indebted  to  Messrs.  Morrow  and  Russel  for  the  prompt  and  efficient 
manner  in  which  they  performed  their  duties  in  the  field,  and  to  Mr.  Teeple  for  his 
assistance  in  the  office. 

On  May  5, 1874,  my  party  left  Detroit  on  the  steamer  Ada,  I  joined  them  at  Cape 
Vincent  on  May  9,  and  we  were  placed  in  camp  at  this  place  on  the  following  day ; 
since  that  time  we  have  completed  the  unfinished  shore-line,  topography,  and  hydrog- 
raphy from  Gananoque  to  the  head  of  Howe  Island,  a  distance  of  twelve  miles. 

i  have  been  efficiently  aided  in  this  work  by  Messrs.  Donovan  and  Winchell. 

Inclosed  is  a  tracing  showing  the  locality  of  my  work  fur  the  year. 

The  shore-line,  shaded  with  carmine,  is  that  which  was  resurveyed  for  the  location 
of  sounding-stations  only ;  that  inclosed  with  a  continuous  line  shows  the  shore-line 
developed  and  the  approximate  limit  of  the  topography  connected  with  it. 

The  following  is  the  amount  of  work  given,  in  detail,  done  during  the  fiscal  year : 


Field-work. 


1873. 


1674.        Totol. 


LiD<t8  of  soandins «. :  1, 643 

Cants  of  lead 32,787 

Square  niilea  of  hydrography 47 

Miles  of  Bhore-Une 196 

Theodolite-pointiiifes 11,764 

Theodolite-readingB 15,871 

8q nare  milc.«  of  topography 38 

Altitudes  determined 3,054 

Triangulation-stations  hoilt 51 

Compass-readings 15 

SoundlDg-statious  built .' 

Observations  for  meridian 

Miles  of  sbore-line  for  locating  sounding-stations 


13, 615 

34 

66 

6.503 

7,439 

565 

55 

6 

1,185 

3 

39 


2.867 

46,382 

81 

194 

16.366 

33,310 

58i 

3,619 

106 

21 

3,005 

11 

29 
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During  the  winter  of  1873  and  1874^  the  shore-line  topo|praphy  and  hydrography  were 
plotted,  and  ninety-three  triangles  were  computed. 
Very  respectfully,  your  obedient  seryaat, 

F.  M.  ToWAR, 
Astiatant  Engineer, 
Maj.  C.  B.  CoMSTOCK, 

Corps  of  Engineers y  U,  S.  A. 


Ih^Beport  of  Lieut  Edward  Maguire,  Corps  of  Engineers, 

Detroit,  Mich.,  July  1, 1874. 

Major  :  I  have  to  submit  the  foITowing  report  of  work  accomplished  by  me  during 
the  season  ending  June  30, 1874. 

In  compliance  with  your  instructions,  I  left  Detroit  with  my  party  May  9,  1873,  and 
arrived  at  Whitehall,  Mich.,  May  12,  moving  to  Clay  Banks  station  the  same  day. 

At  this  station  I  was  unable  to  do  any  work,  on  account  of  bad  weather,  until  the 
31et  of  May.  The  work  here  consisted  of  observations  for  azimuth,  latitude,  and  hori- 
zontal angles.    At  Duck  Lake,  the  horizontal  angle  was  read. 

At  Douglass,  the  work  consisted  of  observations  for  azimuth,  latitude,  and  horizontal 
angle. 

At  South  Haven  station,  the  horizontal  angle  was  read  and  latitude  observed  for. 

At  Frankfort,  observations  for  azimuth  were  taken ;  station  Frankfort  was  connected 
with  station  Point  Betsey. 

I  arrived  at  St.  Joseph  October  12,  and  remained  there  until  November  19,  without 
being  able  jto  do  any  work  at  all. 

The  whole  amount  of  work  accomplished  is  as  follows  : 

Azimuth, 

Reeults. 

Frankfort 3 

Clay  Banks 3 

Douglass 5 

Total 11 

Latitude, 

Pain. 

Clay  Banks 37 

Douglass i 58 

Soutn  Haven 54 

Total 149 

Horizontal  angles. 

Readings 

Frankfort 38 

Clay  Banks 172 

Duck  Lake 56 

Douglass 122 

South  Haven 64 

Total .• 452 

During  the  winter  I  was  engaged  in  the  computation  of  the  field-notes  ;  the  follow- 
ing are  the  results : 

Horisontal  angles, 

Prob.i 


Little  Point  Sable— Clay  Banks— Duck  Lake 172°  53'  10''.65  0".  11 

Clay  Banks— Duck  Lake— Twin  Sisters 175°  38'  51".86  0".  26 

Twin  Sisters— Douglass— South  Haven 192°  34'  2l".8l  0".  43 

Douglass— South  Haven— St.  Joseph 200°  52^  10".17  0".  33 

Lalitude  of  A  stations, 

Prob.  error. 

Clay  Banks 43°  30' 23''.01  0".19 

Doughiss 420  38'ir'.62  0".16 

South  Haven 42°  16' 13".48  0'/.17 
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Observed  azimuths. 

Of  A  Point  Betsey  from  A  Frankfort ISP  16' 28".20 

Of  A  Little  Point  Table  from  A  Clay  Banks 171°  02'  05''.77 

Of  A  Twin  Sisters  from  A  Douglass 180^  40' 49''.47 

I  am,  migor,  very  respectfully,  your  obedient  servant, 

Edwd.  Maguire, 
Lieutenant  of  Engineers,  U.  S.  A. 
Maj.  C.  B.  CoMSTOCK, 

Corps  of  Engineers,  V.  S,  A, 


12.— JJgw<  of  Lieut  C.  F.  Powell,  Carps  of  Engineers, 

Lake-Survey  Astronomical  Station, 

8t  Johns,  Mich.,  July  30, 1874. 
Major  :  I  have  to  submit  the  following  report  of  my  work  on  the  survey  since  May 
7, 1873,  the  date  of  the  previous  report,  to  June  30, 1874. 

field-work,  1873, 

At  the  time  of  the  last  report  I  had  been  assigned  to  the  continuation  of  the  latitude 
and  azimuth  work  on  the  west  shore  of  Lake  Michigan,  which  I  had  begun  the  previous 
season.  This  work,  when  completed,  was  to  give  the  latitudes  and  longitudes  of  a 
series  of  points,  the  extreme  ones  being  near  Sturgeon  Bay,  Wisconsin,  and  at  or  near 
Milwaukee,  on  which  to  base  the  map  of  the  part  of  Lake  Michigan  lying  between 
these  points.  , 

My  party  included  one  recorder,  one  cook,  one  observatory-attendant,  two  flashers, 
and  three  laborers.  Later  in  the  season  Assistant  Engineer  R.  S.  Woodward,  with  a 
small  party,  reported  for  temporary  duty,  upon  the  completion  of  which  he  was  relieved. 

Portage  station,  near  Sturgeon  Bay,  had  been  located  in  1871  by  Captain  Lee,  from 
the  Green  Bay  triansulation.  Its  latitude  had  also  been  determined  by  me  in  1872. 
I  therefore  proceedea  to  Clay  Banks,  the  first  station  south  from  Portage,  where  the 
party  was  landed  from  the  survey-steamer  Search  on  May  16. 

From  Clay  Banks  I  occupied  in  succession  the  stations  Kewaunee,  Two  Rivers  Point, 
Point  Creek,  Ada  I,  Fox's  Point,  and  Milwaukee  court-house. 

The  party  and  camp  were  moved  from  Clay  Banks  by  small  boats,  from  Kewaunee 
by  smfdl  boat  and  wagon,  and  thereafter  by  steamer  or  rail. 

The  horizontal  angle  was  read  at  each  station ;  latitude  observed  where  I  had  not 
taken  it  the  previous  year,  excepting  at  Milwaukee  court-house,  where  it  was  not 
reqntred ;  observations  for  azimuth  made  at  Clay  Banks,  Point  Creek,  and  Fox's  Point, 
and  connections  established  with  the  survey  astronomical  posts  of  1866  at  Clay  Banks 
and  Two  Rivers  Point.    The  Kewaunee  latitude  post  of  1866  had  been  destroyed. 

Connections  wero  also  made  with  one  or  more  points  of  the  shore-line  survey ;  topo- 
lipraphical  sketches  drawn  and  underground  and  surface  marks  placed,  according  to 
general  instructions  governing  parties  occupying  primary-triangulation  stations. 

Observations  in  two  different  seta,  for  the  determination  of  the  v^ue  of  a  division 
of  micrometer  and  levels  of  myzenith-telescope,  were  made  at  Fox's  Point. 

Mr.  Woodward  occupied  the  North  and  South  Sheboygan  stations,  read  the  horizontal 
angle,  connected  with  the  latitude-post  of  1866  at  North  Sheboygan,  made  other  required 
connections,  and  placed  the  station-marks  at  both  places. 

In  order  to  connect  the  work  with  the  Wisconsin  triangulation,  angles  were  read  at 
Fox's  Point  to  three  points  in  Milwaukee  fixed  by  the  triangulation. 

The  data  of  my  work  and  the  triangulation  latitudes  will  afford  a  comparison  of  lon- 
gitudes brought  from  Green  Ba^  by  different  methods  and  different  routes. 

To  obtain  a  comparison  of  azimuths,  angles  were  read  at  the  dome  of  the  Milwaukee 
court-bouse  from  Fox's  Point  to  the  triangulation  stations.at  Lisbon  and  New  Berlin. 

The  Kewaunee,  Point  Creek,  North  Sheuoygan,  and  Ada  I  stations  were  built  during 
the  snramer.  The  first  two  were  placed  on  new  sites,  and  were  required  to  break  the 
long  lines  north  and  south  from  Two  Rivers  Point.  The  station  at  North  Sheboygan 
was  necessary  to  replace  one  destroyed,  and  that  of  Ada  I  to  gain  a  greater  elevation 
than  afforded  by  the  off-shoro  hydrographic  station  of  1871  over  the  same  station  mark. 
The  second  and  third  stations  nameid  were  built  by  Lieutenant  Lockwood's  steamer 
party. 

The  field-work  was  finished  on  October  9. 

The  instruments  used  were  the  20-inch  Oertling  theodolite  No.  2562,  of  late  issue;  and 
the  old  24-iuch  Wtirdemann  zenith-telescope  No.  1.    The  defeects  of  the  Oertling  instru- 
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ment  are  Trell  known.    The  zenith- telescope  had  been  repaired  thoroughly  the  previoas 
winter,  and  was  ingood  condition. 

Mr.  Horace  Holmes,  recorder,  merits  commendation  for  the  interest  shown  in  the  work, 
and  assistance  rendered  in  station-building,  making  connections,  and  posting  flashers. 

OFFICE-WORK,  1873  AND  1874. 

During  the  winter  I  was  engaged  upon  the  computation  of  the  field-work,  in  com- 
pleting that  for  the  season  of  1872,  and  reworking  the  latitudes  of  1872,  using  later 
adopted  values  of  instrumental  constants  and  ouiitting  all  pairs  not  independent  or 
containing  stars  not  ^ven  in  Safford's  catalogue,  1875.  Except  the  reference  of 
azimuths  to  the  same  line  and  adoption  of  mean  result,  and  consequently,  the  compu- 
tation of  final  longitudes,  all  the  work  has  been  re-computed  independently  and  com- 
gkred.  The  azimuth  stations  have  been  plotted,  and  the  co-ordinates  therefrom  of  the 
titude  and  azimuth  posts  indicated,  upon  the  detailed  survey  sheets. 

The  values  obtained  for  instrumental  constants  of  the  zenith  telescope  will  be  found 
in  my  record  book  of  latitude  observations,  1873.  Other  results  are  shown  in  the  tables 
following.  The  ^^mean"  result  for  latitude  is  the  arithmetical  mean,  and  from  that  the 
probable  errors  have  been  computed.  The  want  of  assistance  and  pressure  of  other 
duties  prevented  the  computation  of  final  result  and  probable  error  by  a  more  rigid 
method. 

Readings  and  results  in  the  column  "  Number  of  readings  or  results  "  refer  respect- 
ively to  the  non-repeating  Oertling  theodolite  and  repeating  Gambey  and  Wiirdemann 
instruments.    A  result  is  the  mean  of  five  readinp;6  in  each  position  of  the  telescope. 

Attention  will  be  drawn  to  the  Point  Creek  azimuth  on  account  of  its  variance*from 
the  four  others  and  their  close  agreement.  At  Point  Creek,  the  light  of  the  Sheboygan 
light-house  was  read  to  at  night  and  the  tower  during  day-time.  Care  was  taken  to 
prevent  the  effect  of  phase  to  see  that  the  light  was  in  the  axis  of  the  tower  and  to 
determine  the  reduction  to  station  from  azimuth-post.  The  computed  distance,  Point 
Creek«^North  Sheboygan;  measured  distance.  North  Sheboygan — Light-House;  and 
one  reading  of  the  included  angle,  give  the  angle  at  Point  Creek  to  within  less  than  1'' 
of  that  observed.  In  obtaining  the  mean  result,  the  Point  Creek  azimuth  has  been  used 
with  full  weight. 

The  Wisconsin  triangulation  not  having  been  worked  up,  the  comparison  of  longi- 
tudes and  azimuths  at  Milwaukee  cannot  now  be  made. 

LATITUDES  PREVIOUSLY  REPORTED. 


StaUon. 

1 

II 

Latitades. 

Reduction 
from    re- 
compnta- 
tion. 

r 

0 
•0 

0 

PortAfire 

1871 
1B72 

1866 
1872 

1866 
1«72 

1866 
1872 

"47 

147 
47 

147 
27 

82 
36 

0    /       // 
44  48  54. 7H0 
55.076 

Adopted 

" 

II 

II 

54.78 

5a  41 

C.  F.  P. 

^0 :::::.:::..:;::.::::. 

-  0.060 

+  3.397 

56.60 

44  41  15. 310 
35.300 

Adopted 

+  3.879 
-15.270 

Claj  Banka 

19.19 
19.98 

&W.R. 

Do 

-  0.044 

C.  F.  P. 

19.45 

44  11  .34.  785 
12  04. 691 

Adopted 

+29.613 
-  0.005 

S  "W  11 

Two  RirerB  Point 

64.40 

Do 

-  0.115 

04.57     r  F  v" 

S  W-  "B 

04.46 

43  45  54. 130 
43  41  01.496 

-  L070 

-  0.090 

North  Rb*boyjcan --r 

53.06 

South  Sheboygan 

-  0.1«6 

01. 28  1  f  >  T^  P 



*  Reduced  from  Captain  Lee'a  triangulation. 
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LATITUDES,   1873. 


Station. 

1 

o 

li 
1' 

Latitudes. 

Probable 
error. 

1. 

|3 

. 

Kewaunee 

Jane 
July 
July 
July 

30 
2 

4 
5 

24 
18 
23 
23 

O     '         // 

44  25  41.075 
40.  744 
41. 320 
41.266 

1 
//                 //         1      // 
1 

C.  F.  P. 

Do    .             .      . 

Do. 

Do    

1 

Do. 

Do 

1 

Do. 

Mean 

41.122 

±0.100 

+0.003 

41.13 

Aug. 
Aug. 
Aug. 
Aug. 

2 
3 

4 
5 

23 
22 

28 
28 

Point  Creek 

43  57  57. 787 
58.186 
58. 375 
58.729 

C.F.P. 

Do 





Do. 

Do 

1 

Da 

Do 

Do. 

! 

Mean 

58.295 

±0.095 

4-0.558 

5a85 

Shebovffftn  li  srht-honfie ...... 

43  45  50. 360 

43  45  12.880 

43  29  18. 574 
18.730 
18.289 
19. 041 

1 

(*) 

(t) 

C.  F.  P. 

Lutheran  cbnrch,  Sheboygan. .. 

Adal 

Sept 
Sept. 
Sept. 
Sept. 

4 

8 

10 
11 

19 
21 
20 
21 

Do 

Do. 

Do 

Do. 

Do     

Do. 

Mean 

18.677 

±0.088 

+0.02 

1&70 

Sept 
Sept 
S<^pt 
Sept 
Sept 

22 
23 
25 
26 
27 

19 
8 

22 
2« 
22 

Fox'b  Point 

43  10  13.  4;«8 
13. 218 
13.317 
13.730 
13.068 

. 

C.F.P. 
Do. 

Do •. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Mean 

13.353 

±0.080 

-0.088 

13.27 

*  Keduced  from  North  Sheboygan. 


t  Reduced  from  North  Sheboygan  and  Point  Creek. 


HORIZONTAL  ANGLE8. 


Angles. 


Azimnth-mark  1872— Clay  Banks— 
Portage. 

Portage— Clay  Banks— azimnth-mark 
1873. 

Azimuth-mark  1873— Clay  Banks- 
Kewaunee. 

Clay  Banks— Kewaunee— Two  Riv- 
ers Point. 

Kewaunee— Two  Rivers  Point— Point 
Creek. 

Two  Rivers  Point— Point  Creek- 
North  Sheboygan. 

North  Sheboygan— Point  Creek— She- 
boygan Hght-house. 

Sbel)ovgAn  ught-house— Point  Creek — 
Lutneran  church,  Sheboygan. 

Point  Creek  — North  Sheboygan— 
South  Sheboygan. 

South  Sheboygan— North  Sheboy- 
gan— Lutheran  church. 

North  Sheboygan  — South  Sheboy- 
gan— Ada  L 


s> 

1 

1872 

38 

1873 

52 

1873 

64 

1873 

60 

1873 

54 

1873 

78 

1873 

76 

1873 

18 

1873 

16 

1873 

4 

1873 

16 

Mean. 


3  OS  56.89 

5  06  11. 43 

178  24  04. 67 

199  54  08. 25 

150  54  29. 72 

149  23  06. 47 

0  09  2a  70 

3  20  30.50 

175  02  21. 41 

45  28  46.  93 
166  02  05. 38 


04 


±0.54 
±0.33 
±0.39 
±0.28 
±0.30 
±0.24 
±0.16 
±0.34 
±0.27 

±0.58 
±0.23 


O 


Instrument 


C.F.P. 

i 
..do... 

..do... 

..do... 

..do... 

..do... 

..do... 

..do... 

R.S.W 

..do... 
..do... 


Oertling    theodo- 
lite 2562. 
Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Gambev   theodo- 
lite   1,  10-inch 
limb. 
Do. 

Do. 


Digitized  by  LjOOQ  IC 


424 


REPORT   OF   THE   CHIEF   OF   ENGINEERS. 
Horizontal  angles— Contintied. 


a 

1i 

s 

Angles. 

Mean. 

fl 

i 

Instrament. 

J^g 

:3 

'^ 

3 

i 

1 

^ 

J 

>^ 

JZ5 

£ 

s 

o 

0    /        // 

// 

North   Sheboygan  — South  Shoboy- 
g»n— azi  mu  th-mark. 

1872 

32 

0  22  17. 66 

±0.57 

K 

CF.P, 

Oeraing   theodo- 
Ute9562. 

South   Sheboygan  —  Ada  I  — Fox's 

1873 

80 

173  13  14. 00 

±0.53 

K 

..do... 

Do. 

Point. 

Ada  I  ~  Fox's   Point  —  Milwaukee 

1873 

94 

176  10  44.24 

4:0.30 

R 

..do... 

Do. 

cuurtrhouse. 

Milwaukee  court-house— Fox's  Point- 

1873 

30 

14  47  34.49 

±0.37 

L 

..do... 

Do. 

South  Milwaukee. 

Mil  wau  kee  court-house— Fox's  Point— 

1873 

94 

0  19  19. 84 

±0.23 

L 

..do... 

Do. 

Cathulio  cathedral,  Milwaukee. 
Catholic  cathedral,  Milwaukefr-Fox's 

1873 

24 

0  43  39.65 

±0.36 

L 

..do... 

Do. 

Poiut-Episcopai    cathedral,    Mil- 

waukee. 

Fox's    Point  — Milwaukee  court- 

1873 

2 

74  29  11.64 

±1.84 

L 

H.H.. 

'Wlirdemann  the- 

house—Lisbon. 

odolite  23, 6-inch 

' 

Urnb. 

Fox's    Point- Milwaukee  court-     1873 

4 

116  31  40. 67 

±0.85 

L 

CF.P. 

Do. 

house—New  Berlin.                            1 

AZIMUTHS. 
[Observer,  C.  F.  P.— Instrument,  Oertllng  theodolite  2562.] 


SUtion. 

Date. 

O 

u 

i 

SUr. 

Mean. 

1 

<1 
S 

i 
1 

If 

Clay  Banks 

1872. 
Aug.  26 
Aug.  29 
Aug.  30 
Aug.  31 

6 

4 
4 
12 

Polaris,  near  e.  e 

o     /       // 

27  43  09.  97 

17.76 

20.07 

16.72 

B 
R 
L 

R 
L 

—133.57 
—  54.50 

aoo 

-f    &40 
0.00 

Clay  Banks 

Clay  Banks 

Clay  Banks 

do ,.. 

do 

do 

Mean 

O        /           *l 

Clay  Banks 

15.84 

207  41  02. 27 

1873. 
June    4 
June    7 
Jnne    7 
June  11 

10 
10 
10 
10 

Polaris,  near  e.  e 

Clay  Banks 

19  29  47. 00 
51.25 
51.16 
48.80 

Clay  Banks 

Clay  Banks 

A  Ursa;  Minoris,  near  e.  e  . . 
Polaris,  near  e.e 

Clay  Banks 

A  Ursee  Minoris,  near  e.  e.  . 
T^'^'^an ...................... 

Clay  Banks 

49.55 

199  28  55.05 

Aug.    7 

Aug.    7 
Aug.    9 
Aug.  10 
Aug.  12 

4 

8 
10 
10 
14 

^UrsK  Minoris,  between 

w.  e.  and  o. 
Polarltt  near  e.  e. ...... ..i. 

Point  Creek 

Point  Creek 

180  26  3a  55 

24.06 
27.21 
24.37 
28.36 

Point  Creek 

Point  Creek 

Point  Creek 

do 

do 

do 

Mean          .    . 

Point  Creek 

26.83 

350  33  33.17 

1872. 
Sept  19 
Sept.  25 
Oct.      3 
Oct.      4 

4 

4 
4 
8 

Polaris. near e.e  

South  Sheboygan. 

4  43  32.55 
38.18 
22.98 
32.41 

South  Sheboygan. 

do 

South  Sheboygan. 
South  Sheboygan. 

do 

do 

Mean 

South  Sheboygan. 

31.71 

184  43  40. 11 

lw-71 

8 

Polaris,  near  e.  e 

Fox's  Point '  Rfiii  t." ho 

172  23  47.35 

7  36  12.65 
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AZIMUTHS  RBFKRRED  TO  LINE  POINT  CREEK  A— -NORTH  SHEBOYGAN  A* 


StAtiOB. 


Tear. 

t 

11 

1 
It 

a 

0 

^ 

^ 

1872 

96 

1873 

40 

18TO 

^  , 

1873 

SO 

1873 

8 

AziDintbB  wost 
of  aouth. 


Claylkuikii % 

Clay  Banks I 

Point  Creek i 

Sootb  Sheboygan I 

Fox's  Point I 

I 

I 


359  S4  15. 47 
Id.  57 
04.47 
15.65 
15.73 

Adopted...  la.  62 


LONGITUDES  WEST  FROM  GREENWICH. 


Station. 


Longitude. 


Portage  A 

Cbiy  Bonks  A 

Kewannee  A 

Two  RlversPolnt  A 

PointCreok  A 

Xorih  Sheboygan  A 

Sheboygan  Ligbt-bonse 

Lntberan  Cbnrcb,  Sbeboygan 

Sontb  Sbeboygan  A • 

AdalA.....! 

rox's  Point  A 


O        /         II 

87  16  57. 81 

21  5L72 

30  16.31 

30  37.69 

41  57. 72 

41  47.29 

41  50.01 

42  51. 44 

42  17.  99 

47  37.58 

52  55.51 

Bednced  ftroin  Captain  Lee's 
triangalation. 


FIELD-WORK,  1874. 

For  this  seHson  I  was  instrncted  to  determine  the  latitude  and  telegnipbic  longitude 
of  oertain  points  in  the  interior  of  Michigan.  Observations  for  personal  equation  with 
Lieutenant  Maguire  were  taken  at  the  Detroit  observatory. 

I  left  Detroit  May  13.    Since  that  time  and  up  to  June  30  Pontiac  and  Lapeer  sta- 
tions have  been  occupied  and  the  work  completed  at  both  places. 
Very  respectfully,  your  obedient  servant, 

Chas.  F.  Powell, 
First  Lietitenant  Engineers. 
MaJ.  C.  B.  CoMSTOCK, 

Corps  of  Engineers f  U.  S,  A. 


Appenmx  B.— Astronomical  determination  of  points  in  the  interior  of  Illi- 
nois AND  Wisconsin. 

Report  of  Mr,  0.  B.  WheeJer,  Afaistant  Engineer. 

Office  U.  8.  Lake-Survey, 

Detroit,  Mich.,  May  15, 1874. 

Sir  :  I  have  the  honor  herewith  to  submit  a  report  on  the  astronoihical  determina- 
tion of  points  in  the  interior  of  Illinois  and  Wisconsin.  The  object  was  to  furnish 
the  geological  survey  of  Wisconsin  with  data  for  correcting  the  maps  projected  from 
the  public-land  surveys. 

The  points  determined  were  two  on  the  fourth  principal  meridian,  the  one  the  State 
Line  between  Illinois  and  Wisconsin  near  Galena,  111.,  and  the  other  near  Valley  Junc- 
tion, Wis.  Also  there  were  determined,  by  trigonometrical  transfer  from  the  as- 
tronomical station  at  Valley  Junction,  points  on  the  correction-line  between  townships 
20  and  21  north,  and,  from  a  former  astronomical  station  at  St.  Paul,  Minn.,  points  on 
the  correction-line  between  townships  30  and  31  north,  near  range  19  west. 

The  field-observers  were  Prof.  S.  W.  Robinson,  of  Illinois  Industrial  University,  and 
Assistant  Engineer  T.  W.  Wright.  Professor  Robinson  made  all  the  time  observations 
in  connection  with  the  longitude.  The  observations  at  Detroit  in  connection  with 
Galena  and  Valley  Junction  for  diflferences  of  longitude  were  made  by  mvself.         . 
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The  instrnraents  nsed  at  Detroit,  and  the  pier  upon  which  the  transit  was  moaated, 
were  the  same  as  noted  in  Appendix  F,  United  States  lake-survey  annual  report  for 
1871. 

The  instruments  were  the  Tronghton  &  Simms  transit,  42-inch  focal  length,  and 
clock  and  chronograph  respectively  Nos.  184  and  216  Bond  &  Son.  The  instruments 
nsed  in  the  field  were  the  combined  transit  and  zenith-telescope  Pistor  &  Martins, 
Berlin,  dated  1849^  of  26  inches  focal  length,  and  mean-time  chronometer  Dent  2096. 

DIFFEKEXCE  OF  LONGITUDE. 

A  list  of  stars  from  the  American  Ephemeris  and  the  standard  catalogue  of  529  stars 
of  the  German  Astronomical  Society  was  prepared  to  be  used  by  both  observers. 
This  list  was  arranged  as  follows  : 

Level. 

Polar  Star,  (over  part  of  the  wires.) 

Reversal. 

Polar  Star,  (wires  same  as  before  reversal.) 

Level. 

Five  time-stars. 

Level. 

Reversal. 

Level. 

Five  time-stars. 

Level. 

Polar  Star,  (over  part  of  the  wires.) 

Reversal. 

Polar  Star,  (wires  same  as  before  reversal.) 

Level. 

Transmission  of  signals. 

The  remainder  of  the  list  was  identically  arranged  with  that  before  the  transmis- 
sion of  signals.  Thus  two  time  determinations  were  made  on  each  night  at  each  sta- 
tion, and  the  transmission  of  signals  came  between  the  two. 

The  transmission  of  signals  was  as  follows: 

(1.)  Field-station  breaks  for  one  minute  on  main  line  in  coincidence  with  mean-time 
chronometer,  n/aking  two  breaks  at  zero  seconds,  and  omitting  to  break  on  the  10,  20, 
30^  40,  and  50  second  ticks. 

^  (2.)  Detroit  clock  (sidereal  with  automatic  break-circuit)  is  switched  uito  the  main 
line  for  seven  minutes ;  two  breaks  indicate  the  zero  second,  and  the  10,20,30,  40,  and 
50  second  ticks  are  cut  out. 

(3.)  Detroit  sends  arbitrary  signals  for  two  minutes,  breaking  twice  at  the  zero  sec- 
ond, and  making  the  signals  approximately  at  10,  20,  30, 40,  and  50  seconds. 

(4.)  Field-station  sends  arbitrary  signals  for  two  minutes,  breaking  twice  at  the  zero 
second,  and  making  the  signals  approximately  at  10,  20,  :)0,  40,  and  bO  seconds. 

(5.)  Same  as  (2). 

All  the  signals  were  recorded  on  the  Detroit  chronograph.  The  field-observer  ob- 
served coincidences  of  sidereal  clock  with  mean-time  chronometer  during  operations 
(2)  and  (5),  and  also  noted  the  times  of  all  the  signals  of  operations  (3)  and  (4). 

In  the  reduction  of  the  observations,  the  method  of  high  and  low  stars  was  nsed. 
Fifteen  wires  were  observed  at  Detroit,  but  only  five  reduced  on  any  time-star,  since 
only  Aye  were  observed  in  the  field.  Observations  recorded  from  the  mean-time  chro- 
nometer were  treated  as  follows : 

An  epoch  was  chosen,  being  an  even  hour  on  the  face  of  the  mean-time  chronometer, 
and  each  record  from  the  mean-time  chronometer  was  corrected  for  the  change  due  to 
the  increase  of  sidereal  interval  on  mean-time  interval  for  the  s])ace  of  time  between 
the  epoch  and  the  record.  This  changes  Dent  (mean)  to  what  we  call  Dent  (sidereal.) 
But  Dent  (sidereal)  still  has  a  rate  on  sidereal  time,  and  we  determine  this  rate  either 
by  comparing  its  errors  in  the  earlier  and  later  parts  of  the  night,  or  by  comparing  the 
rate  of  the  clock,  found  by  means  of  its  errors,  with  the  rate  of  Dent  (sidereal)  on  the 
clock,  as  determined  by  coincidences.  We  have  adopted  the  latter  method  of  deter- 
mining this  ratCj  since  essentially  it  is  only  the  rate  of  one  clock  on  the  other  that  is 
required. 

The  mean  of  all  the  errors  of  Dent  (sidereal)  as  given  by  fundamental  time  stars  is 
taken,  and  also  the  mean  of  the  right  ascensions  of  the  stars  used.  To  this  mean  error 
we  apply  the  correction  for  rate,  reckoning  from  the  sidereal  time  of  the  former  as- 
sumed epoch  to  the  time  of  the  mean  of  the  right  ascensions  of  the  stars  used.  This 
gives  the  error  of  Dent  (sidereal)  at  the  assumed  epoch.  In  the  following  tables,  A  t 
stands  for  error  of  clock  or  chronometer  where  no  account  has  been  taken  of  rate,  and 
A  1o  stands  for  the  same  corrected  for  rate.  When  the  clock  or  chronometer  is  slow,  the 
sign  of  the  correction  is  positive,  and  when  they  are  gaining  the  rate  is  ne^tive. 

Tables  1,  2,  3,  and  4  give  the  individual  resulte  for  time  for  both  the  Detroit  and  field- 
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stations,  the  mean  resnlts  for  error  of  Ihe  Detroit  dock,  and  the  rate  of  the  Detroit 
clock.  The  error  and  deduced  rate  of  Dent  (sidefeal)  are  shown  in  tables  5,  6,  and  7. 
Tables  5  and  6  give  the  combination  of  results  and  the  differences  of  loD^tude  uncor- 
rected for  personal  equation.  Table  7  gives  the  results  of  personal  equation  from  ob- 
servations made  at  Detroit.  The  same  instruments,  methoa  of  observation  and  reduc- 
tion, were  used  in  determining  the  personal  equation  as  were  employed  in  the  longitude- 
work,  the  field-transit  being  mounted  in  the  Detroit  observatory  hve  feet  to  the  west 
of  the  Detroit  transit.  A  large  range  in  the  results  for  personal  equations  will  be  no- 
ticed. The  results  indicate  that  the  relative  personal  equation  was  increasing  during 
the  season. 

This  supposition  would  account,  perhaps,  for  the  gradually  diminishing  values  for 
longitude  in  the  four  nights  at  Galena. 

It  is  thought  best,  however,  to  combine  the  results  in  a  single  result,  in  the  follow- 
ing manner :  On  September  18,  only  four  time  stars  were  observed,  and  this  night's 
result  should  have  but  little  weight.  September  16  is  combined  with  September  18, 
giving  the  former  four  times  the  weight  of  the  latter ;  then  this  result  is  combined  with 
the  mean  of  July  5  and  July  6,  giving  this  mean  twice  the  weight  of  the  result  from 
September  16  and  September  16.  The  result  thus  obtained  is  0".272,  which,  corrected  for 
the  difference  of  longitude  of  the  two  transit-instruments  (0*.005),  gives — 
S.  W.  R.  -  O.  B.  W.  =  — 0-.277 

Table  5  gives  for  a  difference  of  longitude  between  Detroit  and  Galena  astronomical 
stations  uncorrected  for  personal  equation — 

29"  30-.958 
which,  corrected  for  personal  equation,  gives — 

Galena  west  from  Detroit  =  29"  31".23 

Table  6  gives  for  a  difference  of  longitude  between  Detroit  and  Valley  Junction  as 
tronomicaf  stations,  uncorrected  for  personal  equation — 

29«  26-.101 
which,  corrected  for  personal  equation,  gives — 

Valley  Junction  west  from  Detroit  =  29"  26«.38  . 


Table  1. — Individual  results  for  error  of  clock  at  Detroit  and  error  of  chronofneter  at  Galena 
mean  results  at  Detroit  and  rate  of  the  Detroit  dock. 


Name  of  star. 


1      AqiiiliB  . . . 

a     Lyrse 

110  Heroalis.. 

0  Lyr» 

01  Serpentis . 
«  Aqnilfle... 
{  Aqail»  . . . 
<o  AquilsQ  . . . 
S  AquilfiB... 
K      AqniUo  . . . 

AfinilsD . . . 


Mean . 


Cygni.. 
Pe£asi . 


0     Aqaarii 

f     Aqnarii 

«      Pogasi 

fi,  Capricomi . 

90  PeKaai   .... 

a  Aquarii — 

e     Pegaal 

0  Aquarii.... 

y     Aqaarii 

n     Aquarii 

Mean 


Hourly  rate  of  clock  A , 

Adopted  rate  of  Dent  sidereal  from 
compariaona  with  clock , 


July  11. 


A  f  of  clock.      A  f  of  Dent  sid. 


m.    8. 
-3  14. 46 


14.53 


14.78 
14.77 
14.82 


-3  14. 80 
14.79 
14.44 


14.57 


14.51 
14.59 
14.  G5 


-3  14.  621 


+     0.0901 


h,  m.    ». 

+6  45  48. 85 


48.99 


48.83 
4a  74 
4&90 


-f6  45  48.893 


+6  45  48.  57 
48.68 
4a  43 


4a  58 


4a  58 
4a  50 

4a  51 


+6  45  4a  550 


-  ••  s- 


0665 


July  12. 


A  t  of  clock.      A  t  of  Dent  sid. 


16.12 
16.41 
16.32 
16.55 
16.40 
16. 42 


16.59 
16.52 
16.49 
16.49 


-3  16. 54 
16.54 


-3  16. 540 


-  0.0421 


h.  m.  8. 
+6  49  4a  04 
43.  iS 
4125 
43.00 
43. 04 
42.97 


43.19 
42.94 
42.79 
43.20 


+6  49  43.069 


+6  49  42.  .■>3 
42.94 


+6  49  42. 735 


0. 1249 
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Table  I.—Individuul  results  for  error  of  clock,  4'C, — Continued. 


July  21. 


Jaly83. 


Name  of  star. 


1  Aqiiile... 

a  Lyi« 

110  HercaliB.. 

0  Lyi» 

9*  Serpeiitis  . 

r  Aqiiila)   .. 

C  Aquilas... 

ctf  Aqiiilao... 

i  Aqiii1(D... 

K  Aqtiilce  . . . 

Y  Aquilao.-- 


m.    t. 

>3  41. 94 
4S.03 
41.99 
42.20 
42.10 
42.12 
42.20 
42.  .31 
42.25 


42.19 


Mean  . 


-3  42. 133 


c 

1 

0 

€ 

20 


Cygnl 

Pegasi 

Aquarii 

Aquarii 

Peg-aal   

('apricomi. 

Pejjani 

Aquarii 

Pt'jraHi 

Aquarii 

Aquarii 

Aqnarii 


Mean. 


-3  42.  42 
42.43 
42.17 
42.25 
42.33 
42.23 
42.50 
42.36 
42.39 
42.32 
42.40 
42.26 


h.m.  8. 
+  7  24  39.34 
39.52 
39.56 
39.38 
39.31 
39.27 
39.21 
39.17 
39.33 


m.    t. 

-3  44.07 
44.28 
44.13 
44.32 
44.22 
44.22 
44.34 
44.44 
44.38 


9.25 


44.31 


h,  m.    9. 

+7  38  3a  24 
33.45 
33.44 

33.42 
33.36 
33.28 
33.15 
3.^09 
3:i.08 


33.03 


-f  7  24  39.  335  | 


-3  44. 271        +7  28  33. 254 


+7  24  39. 
39. 
39. 
39. 
39. 


-3  44. 65 
"44.45' 


44.51 
44.46 
44.73 
44.44 
44.59 


-3  42.  338       +7  24  39. 2:15 


-I- 


44.57 
44.66 


-3  44.  562 


Hourly  rate  of  clock 

Adopt^^d  rate  of  Dont  sidereal  ftom  1 
comparisoDS  with  clock | . 


-    0.0720  ! 


0.1006 


0.0745  I 


+7  28  32. 91 


33.11 


33.11 

32.99 
3:).  08 
32.83 
32.97 


32.79 
32.97 


+7  28  32. 973 


0.0355 


Table  2. — Individual  results  for  error  of  clock  at  Detroit,  and  error  of  chronometer  at 
Valley  Junction ;  mean  result  at  Dttroit,  and  rale  of  Detroit  clock. 


Atignat  R. 


Kame  of  star. 


e    Aqnila; 
a,  CBprlcomi 
IT    Canric<»rni 
a    Delphini 
y    Cyciii... 
,  Delphini 
'^    Aqnarii 

32  Vulp«HJUlflB 

I'    C.vjjni. 
1,  Oyffni 
C   CyKui 

Mftan 


^  P(»^a«i 

A  Pejjasi 

X  Aquarii 

a  Pfjfaai . 

0  f*i8C'ium 

t  Piwluni 

u  PiHcium 

a  Androinodir 

MeaD 


57.81 
57.79 
57.88 
57.91 

57.  «0 
57.53 
57.71 
57.69 
^r  71 
57.61 


Hourly  rate  of  clock 
Adopti'd  r.4to  of  Dent  sidereal  from 
com  pari  R(His  with  clock 


0. 1315 
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Table  3,'^Per»aMl  equation  :~^Individualre»ulUfor  error  of  clock  and  chronometer  at  De- 
troit ;  mean  result  for  error  of  clock  and  rate  of  clock. 


Name  of  star. 


JnlyS. 


A  e  of  clock. 


AtofI>ent8id 


July  6. 


A*t  of  clock.     A  ( of  Dent  sid. 


C  Opbinchi . . 
ft  Bercalis... 
a*  Hercolis . . . 
a  Ophiocbl... 
lA   Hercnlifl.  ., 

1    Aquilff) 

tt    LyrcD 

0  Lyr» 

C    AqnilsB 

d   Sagittarii.. 

i    Aqnilffi 

c    AqniUe 

y    Aqailo) 

a    AqniltB 

a*  Caprioorni . 


Mean. 


y    Aqnilee 

a«  Capricorui. 
«  Capricornl. 
0    Aqnaril... 

Aquarli 

H  Caprlcomi. 
a    Aqnarii  .... 

0    Aqnarii 

T    Aqnarii  .... 


Mean 

Hourly  rate  of  clock  . 


h.  m.     t. 


-  3  11.73 


+  6  51  44. 25 


11.76 
11.73 
11.65 
11.73 
11.72 
11.57 
11.53 
11.55 


44.27 
44.03 
44.07 
44.11 
44.18 
4.1.98 
44. 2i) 
44.43 


m.  «. 
-  3  11. 50 
12. 2T 
11.94 
11.92 
11.93 
11.70 
11.96 
12.18 


Km.  s. 
+  6  55  29. 01 
28.88 
28.71 
28.79 
29.  CO 
28.69 
2a  72 
28.64 


—  3  11. 661 


+  6  51  44.179 


-  3  11. 939 


+  6  55  2a79<r 


3  11.66 
11.65 
11.42 
11.48 
11.39 
11.54 


+  6  51  43.99 
44.08 
43.92 
44.04 
44.20 
44.25 


3  11.94 
11.77 
11.50 


+  6  55  28. 79 
28.36 
28.54 


-  3  11.523 


+  6  51  44. 080 


-  3  11.767 


+  6  55  2a  563 


0. 0537 


0. 0717 


Table  4. — Personal  equation: — Individual  results  for  errors  of  clock  and  chronometer  at 
Detroit ;  mean  result  of  clock  and  rate  of  clock. 


Name  of  star. 


September  16. 


September  18. 


A  e  of  clock,      le  of  Dent  aid.      A  (of  clock.      A  e  of  Bent  aid. 


9     Aqml» 

a*  Caprlcomi.. 
ir  Capricornl . , 
«    Dolphin!.... 

a    Cyeni 

y«  Delphini... 

M    Aqiiarii 

32  TulpeculflB. 

V    Cygni , 

61»Cygni 

C    Cygni 

0    Aqnarii.... 


Mean. 


A  Pegaai... 

A  Aqnarii  . 

a  Pegaai... 

0  Piadnm . 

Mean . 


Hourly  rate  of  clock . 


m.    s. 

>5  3a  02 
33.05 
33.07 
33.22 
33.75 
33w43 
33.27 
33.42 
33.57 
33.58 
33.55 


K  m.     9. 

+11  35  .13. 16 
32.22 
32.20 
32.25 
32.46 
32.39 
32.25 
32.31 
32.36 
32.46 
32.27 


h,  m.     9. 


-5  33.43 
33.54 
33.52 


+11  43  19.68 
19. 02 
19.56 


33.87 


19.63 


-5  33.357 


11  35  32.303 


-5  33.590 


+11  43  19. 633: 


-5  33.39 
33.10 
3a  28 
3ai7 


+11  35  32.21 
32.28 
32.16 
31.97 


-5  3a  235     +11  35  32.155 


+      0.0526. 

I 


+      0.0530 
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Table  5. — Combination  of  results  for  difference  of  longitude  hetuxeen  Detroit  (Mich,)  and 
Galena  (IlL)  astrononmial  staticns. 


Date,  1873. 


July  11. 


July  12. 


July  21. 


July  S2. 


Epoch  of  reference  for  Dent,  (mean) 


Mean  A  ( of  clock  before  signals. . 

at  Detroit  local  sidereal  time. 
Mean  A  ( of  clock  after  signals. . . , 

at  Detroit  local  sidereal  time. 
lUte  of  clock  from  its  A  Cs 


Mean  A  C  of  Dent  sidereal  for  whole 

uieht 

at   Galena,   DL,    local  sidereal 
time 


k.  fii.  8. 
11  00  00 

-        3  14. 678 
19  07  08.  5 

3  14.031 
21  56  5ci.3 

+  00.0201 


-f.  6  45  4a  708 
SO  38  35.4 


k.  m.  8. 

11  00  00 

3  16.431 

18  59  11. 

3  16.540 

21  34  30. 

00.0421 

Coincidence  ohserved  <  Dent  sidereal.      13  20  49. 904 

atOaloua:  ^  Clock >      2t)  39  24.  333 

(  Dent  sidereal*      13  48  32. 2^27 

i  Clock I      2107  06.666 

Rate  of  Dent  sidereal  on  clock,  (by 

coincidences) I  —  00.0866 

lUtte  of  Dent  sidereal  by  clock's  A  t'B  \ 
and  coincidences i  - 


h.  m.  8. 
10  00  00 

3  42. 133 
18  56  0&  4 

3  42. 338 
21  47  U.7 

00. 0720 


+  6  49  43.013  I  +  7  24  39.281 
19  25  04.         i      90  29  26. 6 


13  44  00. 619  .  12  46  53. 090 

21  06  31.000  ,  20  44  45.500 

13  ae  19. 136  12  59  05. 5U0 

21  18  49. 500  ,  20  56  58. 000 


A  («  of  Dent  sidereal  at  coincidence  . . 

True  sidereal  time  of  coincidences  at 
Galena 

A  («  of  clock  at  same  coincidence 

True  sidereal  time  of  coincidence  at 
Detroit 

Difference  of  longitude  by  signals 
from  Detroit  to  Galena 


Means  ofcomparisonsC  Dent  sidereal 

from  Detroit chrono-  < 

graph :  i  Clock 

A  («  of  Dent  sidereal  at  comparison  . . 
True  sidereal  time  of  comparison  at 

Galena 


A  Co  of  clock  at  comparison 

True  sidei  eal  time  of  oomparitions  at 

Detroit '. 

Difference  of  longitude  by  signals 

from  Galena  to  Detroit 


Meata  difference  of  longitude,  (sig- 
nals in  both  directions)  


00.0665 

-I-  6  45  48.  743 

20  06  38.  647 
-        3  14.  648 

20  36  09. 685 

29  3L038 

13  15  52. 259 

20  .34  26. 790 
+  6  45  4a  747 

20  01  41. 006 

3  14.  650 

20  31  12. 140 

29  31. 134 

29  31. 086 


00.0828,  - 
00.1249   - 


+  6  49  42. 870 


20  3:f  43.  489 
-        3  16. 518 


00.0025 
00. 0745 


+  7  24  39. 303 


20  11  32.303 
-        3  42.259 


21  03  14. 482  I      20  41  03. 241 
29  30. 693  29  30. 848 


13  32  01. 906 

20  54  32. 317 
+  6  49  42. 895 

20  21  44. 601 

-        3  16.510  ' 

20  51  IS.  807  I 

29  31. 006  j 

29  31. 000  I 


12  42  39. 146 


20 

+  7 


20 


40  31.687 
24  39.308 

07  la  454 

3  42.254 

36  49. 433 

29  30.979 

29  30. 914 


h.  m.  8. 
10  00  00 

3  44.271 
18  56  0a4 

3  44. 562 
21  49  52.7 

00.1006 


+  7  28  33. 121 

20  18  96.2 

12  44  24. 184 

20  46  12.500 

13  11  33.374 

21  13  ia2S0 

+  0ai361 

+  00.0355 

+  7  28  33. 118 

20  19  57. 302 

-  3  44.  449 

90  42  9a  051 
99  30. 749 

12  39  25. 117 

20  41  13.5d8 
+  7  28  33.115 

90  07  5a  939 

-  3  44.  441 
20  37  99. 147 

99  30. 915 

29  30.833 


Table  6. — ComUnation  of  results  for  difference  of  longitude  between  Detroit  (Mich.)  and 
Valley  Junction  (  fVis,)  astronomical  stations. 


Date,  1873  . 


August  6. 


August  8. 


I      h.  m.  8. 
Epoch  of  reference  for  Dent,  (mean) 11  OU  00 


Mean  A  ( of  clock  before  signals. . 

at  Detroit  local  sidereiu  Ume. 
Mean  A  t  of  cloek  after  signals 

at  Detroit  local  sidereal  time. 
Rate  of  clock  iVom  its  A  t's 


Mean  A  t  of  Dent  (sidereal)  for  whole  night . 
at  y alle3'  Junction  local  sideral  time 


r  Dent  sidereal . . 
Coincidences  observed  at  Valley  Junction I  DOT?sidereal '. '. 

(clock '.'. 

Rate  of  Dent  (sidereal)  on  clock,  (by  coincidences) 

Rate  of  Dent  (uidercal)  by  clook*s  A  Ts  and  ooincidenoes 


A  e»  of  Dent  (sidereal)  at  coincidence  . 


—  4  30. 741 
20  42  01. 0 

—  4  30. 843 
23  13  43. 5 

—  00.0400 

+  8  27  10. 871 
22  02  55. 7 


13  06  43. 335    | 

39  09  50.000    • 

13  35  31. 674    , 

93  26  39. 333 

0a0214  I 

00.0614  , 

I 

i 


h.  m.  «. 

11  00  00 

—  4  37. 145 
90  37  57. 

—  4  37.696 
93  33  Sa 

—  00  1644 

+  8  M  ar  630 
21  32  SL 

13  33  99.897 

92  42  31.000 
13  51  44. 887 

93  00  46.000 
00.0389 
00. 1315 


+  8  97  10.882^1  +  8  34  57.539 
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Table  6. — Combination  of  results  for  difference  of  longitude,  «^*o. — Continued. 


Date,  1873  . 


Tme  nidereal  time  of  coincidence  at  Valley  Janction 

^(oof  ehick  at  same  coincidence 

True  sidereal  time  of  coincidence  at  Detroit 

Difference  of  longitude,  by  signals,  from  Detroit  to  Valley  Janction. 


C  Dent  sidereal . 
i  Clock ... 


Means  of  comparisons  from  Detroit  chronograph 

A  Co  of  Dent  (sidorenl)  at  comparison 

Trae  sidereal  time  of  comparison  at  Valley  Junction 

A  (o  of  clock  at  comparison 

True  8iden>«l  time  of  ooroparison  at  Detroit 

Difference  of  longitude,  b}*  siguals,  from  Valley  Junction  to  Detroit. 

Mean  difference  of  longitude,  (signals  in  both  directions) 


August  6. 


h.  m.  8. 

21  52  41  556 

—        4  30. 808 

29  »  08.535 

29  25.969 


13  02  10. 181 

22  03  17. 998 

+  8  27  10. 906 

21  29  21.087 

—        4  30.793 

21  58  47.205 

29  26. 118 

29  26.044 


August  8. 


h,  m.  8. 

22  08  27. 449 

—        4  37.473 

22  37  53. 527 

39  26.078 


13  19  20. 578 

22  28  21. 836 

+  8  34  57. 583 

21  54  1&  161 

—        4  37. 434 

22  23  44. 402 
29  26.341 

29  26.159 


Table  7. — Comhination  of  results  for  personal  equations  between  Prof.  S,  W,  Robinson  and 

Assist,  Engr,  O.  B,  Wheeler, 


Date,  1873 . 


Julys. 


'  h.     m.     8, 

Epochof  reference  for  Dent  (mean)  <  10  00     00 
Epoch  of  reference  in  right  ascen-l 

sion '  16  5L7 

Mean  A  t  of  clock  before  signals ..  J  -       3      1 1. 66 1 


Mean  rightaacension  of  stars  used  |  19  18 
Mean  A  i  of  clock  after  signals — i  —  3 
Mean  right  ascension  of  stars  used .  i  21  53 
Rate  of  clock  from  these  A  f i+ 

Rate  of  Dent  (sidereal)  on  clocks,  < 
by  comparisons — 


Rate  of  Dent  (sidereal)  on  true  si-  , 

dereal  from  last  two  values — 

Mean  A  t  of  Dent  (sidereal)  for  ; 

whole  night :+  6  51 

Mean  right  ascension  of  all  the  ' 

starsused •    20  20 

Interval  from  epoch  to  this  mean  ' 

in  sidereal  time 3  28 

Amount  of  rate  during  this  inter-  ' 

val : - 

A  e  of  Dent  at  assumed  epoch \-\-  6  51 


11. 523 
00.054 


00.069 


00.015 
44. 140 


00.052 
44.193 


h,     f/i.     8, 
9  00      00 

15  55.5 

-        3      11. 939 

17  39 

3      11.767 

20  04 
+  00. 072 


00.086 


Coincidences  of  Dent 
and  clock : 


rClock....     20  51      3L500 


and  Dent 
I  (sidereal)     13  56      36.012 
Time  of  coincidence,  (right  ascen- ' 

-ion) :    20  48      20. 

Inter\'al  from  epoch  to  coincidence  ' 

in  sidereal  time 3  56. 6 

Correction  for  rate  of  Dent  (side-  ' 
real)  during  this  interval |  —  00. 059 

Error  of  Dent  (sidereal)  at  coinci-  i 

dence i+  6  51      44.133 

True  sidereal  time  of  coincidence  I 

byS.  W.R '    20  49      20.145 

Besnlting  A  C  of  clock  at  coinci-  i 

dence,8.W.It t-        3      11.355 

A  t  of  clock  at  coincidence, 0.  R  W  '  —        3     1 1. 580 


S.  W.  R ,  observes  earlier  than  O.  ' 

B.  W i  00.225 


July  6. 


Sept  16. 


h,     m.    g. 
7  00      00 

16  35.5 

5      33.357 
20  34 

5      33.935 
22  53 

-f      00.053 


00.093 


00.014    -  00.041 

+  6  55      2&  733  1  +  11  35      32.263 

18  18.5  I    21  11 

i 
2  23  I      2  35. 5 

00.033!-  00.106 

+  6  55      28.766  j  +  11  35      32.369 

I 

19  39      20. 949       21  41      57. 500 


Sept  18. 


12  40      40. 652 
19  36. 3 
3  40.7 

00. 052 

+  6  55  2a  714 

19  36  09. 366 

3  11. 533 

3  11. 800 

00.217 


10  00      52. 381 
21  36.5 
3  01.0 

00.124 

+11  35  32.345 

21  36  24.626 

5  32. 874 

5  33.302 

00.428 


h,     tn.     ». 
7  00      00 

18  43.3 

Only  four  stars 
observed. 
5      33.590 
20  58.1* 
+  00.053 


00.193 

00. 140 

+1143      19.622 

90  5ai 

2  14. 8 

00. 315 
+11  43      19.937 

20  42      3a250 

8  53      45. 637 
20  37.1 
1  53.8 

00.266 


+11  43  19.671 

20  37  05.  308 

5  33. 949 

5  33. 609 

00.667 


^Adopted  from  rate  on  September  16.  This  supposition  gives  a  large  change  of  rate  in  the  Den- 
cbronometer,  which  is  probably  dne  to  the  short  interval  of  time  between  the  coinoldences  from  which 
the  r»t«  was  obtained.    This  night  is  given  but  little  weight  in  the  final  result. 
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Latitude. — ^The  observatioDB  for  latitude  were  made  by  both  Professor  Robinson  and 
Mr.  Wright,  the  instrnmeDts  being  the  same,  and  monnted  on  the  same  posts,  as  in 
longitade-work  at  Galena  and  Valley  Junction.  The  stars  were  selected  from  the  Cata- 
logne  of  Mean  Declinations  of  981  Stars,  and  arranged  in  independent  pairs. 

Tables  8  and  9  give  the  mean  resnlts  for  each  night,  the  nnmber  of  independent 
pairs  observed,  and  the  range  on  each  night,  together  with  the  final  mean,  total  num- 
ber of  pairs,  and  entire  range  in  individual  results. 

Table  8. — General  results  for  latitude  of  Galena  (IlL)  astnmomUal  station. 


Table  9. — General  results  for  latittide  of  Valley  Junction  (  Wis.)  astronomical  station. 


Date,  1873. 


An^8t16 

August  16 

Final  mean 


Mean  result  for  night. 


44  03  10. 92 
11.06 


44  03  11.00 


Number  of        |  -p.^^^ 
independent  pairs.  .  ^^^^o- 


S3 
99 


59 


4.03 
5i83 


5.83 


Location  of  the  astronomical  stations  and  of  the  points  determined  of  the  land  surrsff. — 
The  co-ordinates  of  the  section  comers  of  the  land  surveys  from  the  astronomical  sta- 
tion were  determined  either  by  tri angulation  from  a  measured  base  or  by  triaugula- 
tion  in  connection  with  measurements  along .  railroad-tracks  where  it  was  possible  to 
make  very  accurate  measurements. 

The  astronomical  station  at  Galena,  111.,  was  situated  as  follows : 

From  Miner's  brick  house,  (east  comer,)  bearing  south  20^  46'  east;  distance,  127.0 
feet. 

From  Frazer's  brick  house,  (east  comer,)  bearing  south  76^  08'  east ;  disttauoe,  164.7 
feet. 

From  Frazer's  brick  house,  (west  corner,)  bearing  south  84^28'  west ;  distance,  180.7 
feet. 

From  Frazer's  brick  house,  (southwest  corner,)  bearing  south  25^  41'  west ;  distance, 
194.6  feet. 

From  Methodist  Episcopal  church,  (northeast  corner,)  bearing  N.  54^  14'  W. ;  dis- 
tance, 338.0  feet. 

The  points  of  the  land  survey  near  Galena  determined  were  the  intersection  of  the 
fourth  principal  meridian  with  the  State-line  between  Illinois  and  Wisconsin,  and 
the  first  section-corner  of  the  Wisconsin  land  survey,  on  the  State  line,  to  the  west  of 
the  fourth  principal  meridian. 

The  co-ordinates  of  these  points  from  the  astronomical  stations  are  respectively  in 
latitude  north  9767.89  meters,  (or  -f  5'  16''.60,)  and  north  9776.10  meters,  (or  Hh  &' 
16''.86 ;)  and  in  longitude  east  4*20.:^  meters,  (or  — 18''.42,)  and  west  1190.89  meters,  (or 
-f  52'M7.)  Then,  since  the  longitude  of  Detroit,  Mich.,  from  Greenwich,  is  ^^  22^  12".24, 
(see  Lake-Survey  Report  for  1871  and  General  Introduction  to  Washington  Observa- 
tions, IJnited  States  Naval  Observatory  for  1871,)  we  have,  for  the  latitude  and  longi- 
tude of  the  astronomical  station  Galena,  111. — 

Latitude    =  42^  25' 09".50 
Longitude  =  90°  25'  52".a5 

the  intersection  of  the  fourth  principal  meridian  with  the  State  line- 
Latitude    =  42^30'26M 
Longitude  =  90°  25'  33".6 
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and  the  first  section-corner  of  the  Wisconsin  survey  on  the  State  liue  to  the  west  of  the 
fonrth  principal  meiidian— 

Latitude   =  42^  31'  2Ci'\i 
Longitude  =  90°  26'  44".2 
The  astronomical  station  at  Valley  Junction.  Wis.,  is  situated  from  the  intersection 
of  the  westerly  rails  of  the  Wiscousiu  Valley  Railroad  and  the  West  Wisconsin  Rail- 
road, as  follows: 

West  =  a52.4  feet; 
South  =  364.0  feet. 
The  points  of  the  land  survey  near  Valley  Junction  were  the  southeast  section  comer 
of  section  13,  and  the  northeast  section-corner  of  section  I,  of  township  IH  north,  range  1 
west,  being  points  on  the  fourth  principal  meridian. 

The  co-ordinates  of  these  points  from  the  astronomical  station  are  respectively  in  lati- 
tude— 

South  2512.1  meters  (or  —  1'  2r'.4) 
and — 

and  in  longitude — 

and— 


North  2333.5  meters  (or  -|-  1'  15  '.C) 
West  1700.6  meters  (or  -f  1'  1G".7) 


West  1724.1  meters  (or  +  1'  17".4) 
hence  we  have  for  the  latitude  and  longitude  of  the  astronomical  station  Valley  Junc- 
tion, Wis. — 

Latitude     =  44^  03' I r. 00 
Longitude  .=  90^  24'  39".30 
The  southeast  section-corner  of  section  13,  t<»wnship  18  north,  range  I  west — 
Latitude     =  44°  01'  49"  6 
Longitude  =  90"  25'  56".0 
and  the  northeast  section-corner  of  section  1,  of  township  18  north,  range  1  west — 

Latitude     =  44^  04'  26".6 
Longitude  =  90^^  25'  56".7 
also  points  of  the  land-survey  on  the  correction-lino  between  townships  20  and  21 
north,  near  Valley  Junction,  as  follows,  were  determined:  The  southeast  and  south- 
west section  corners  of  section  31,  towu»hip  21  north,  range  3  east.    The  co-ordinates 
of  these  points  from  tht^  astronomical  station  are  respectively — 

North  21824.8  meters  and  east  18492.S  meters ; 
North  2181H.9  meters  and  east  17091.6  meters; 
from  which,  by  a  geodetic  computation,  we  tind  the  difference  in  latitude  and  longitud® 
between  the  astronomical  station  and  the  points  respectively — 

Difference  in  latitude  =  -|-  11'  46".3 ;  difference  in  longitude  =  —  13'  53".5 
Difference  in  latitude  =  -|-  11'  46".2  ;  difference  in  longitude  =  —  12'  50"  4 
hence  we  have  for  these  points  respectively — 

Latitude  =  44^  14'  57".3;  longitude  =  90^  10'  45".8 
Latitude  =  44'^  14'  57".2 ;  longltudt^  =  \)0^  11'  48".9 
From  the  southeast  corner  of  the  custom-house  at  St.  Paul,  Minn.,  the  position  of 
which  is,  as  formerly  determined  by  the  lake-survey — 

Latitude  =  44°  56'  42".89 
Longitude  =  93^  05'  33".90 
were  found  the  latitude  and  longitude  of  the  following  points  in  Wisconsin  on  tho 
correction-line  between  townships  30  and  31  north :  The  southeast  section  c«»rner  of 
section  34,  and  the  sonthwest  section-corner  of  section  33,  of  township  31  north,  range 
19  west.  The  co-ordinates  of  the  points  from  the  southeast  corner  of  custom  house  aro 
respectively — 

North  19800.0  meters;  east  31669.8  meters  ; 
North  197U3.0  meters ;  east  28446.9  meters ; 
from  which,  by  a  geodetic  computation,  we  find  the  difference  in  latitude  and  longitude 
between  the  astronomical  station  and  the  points  respectively — 

Difference  in  latitude  =  4-  10'  :W".9  ;  difference  in  longitude  =  —  21'  00".3 
Difference  in  latitude  =  +  10'  3y".2;  difference  in  longitude  =  —  21'  4r'.8 
lience  we  have  for  these  points  respectively — 

Latitude  =  45°  07'  21".S ;  longitude  =  92-  41'  24".6 
Latitude  :=  45"  07'  22".l ;  longitude  =-  92"  43'  52".l 
The  local  bearings  of  such  portions  of  lines  of  the  land  surveys  as  were  determined 
"Were  as  follows,  as  found  froui  the  differences  of  the  co-ordinates  already  given  : 

28  ENG  (r\r\n\o 
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The  State  line  between  Illinois  and  Wisconsin,  from  its  intersection  with  the  fourth 
principal  meridian,  bears  west  16'  17"  north. 

The  fourth  principal  meridian  from  the  southeast  section  corner  of  section  13,  town- 
ship 18  north,  range  1  west,  bears  north  11'  10"  west. 

The  correction  line  between  townships  20  and  21,  from  the  southeast  section  corner 
of  section  31,  township  21  north,  range  3  east,  bears  west  f)'  18"  south  ;  and  the  correc- 
tion line  between  townships  30  and  31,  from  the  southeast  section-corner  of  section  34, 
bears  west  10'  20"  north. 

The  computations  have  been  made  in  duplicate  by  two  computers  working  independ- 
ently, chiefly  by  Subassistants  C.  H.  Kummell,  Charles  Pratt,  T.  W.  Wright,  and  J.  H. 
Darlin^r. 

Very  respectfully,  your  obedient  servant, 

O.  B.  Wheelkr, 

Assistant  Enginrer, 
General  C.  B.  Comstock, 

Superintendent  United  States  Lake-Surney. 


Appendix  C— Difference  of  longitude  between  Detroit,  Mich.,  and  Ogden, 

Utah. 

Bepw'i  of  Mr,  0.  B.  Wheelery  Assistant  Engineer, 

Office  United  States  LAKK-SuR^'E"r, 

Detroitf  Mich,,  May  1,  1874. 

Sir  :  I  have  the  honor  herewith  to  report  on  the  instruments  employed,  the  methodf) 
of  observation  and  reduction,  and  the  results  of  a  telegraphic  connection  for  diflference 
of  longitude  between  Detroit,  Mich.,  and  Ogden,  Utah. 

In  this  work,  the  lake  survey  co'-operated  with  a  party  under  the  direction  of  Lieut 
George  M.  Wheeler. 

The  observers  in  this  connection  were  Dr.  F.  Kampf,  at  Ogilen,  and  myself,  at  Detroit. 
The  transit  used  at  Detroit  was  the  one  known  as  the  old  Trough  ton  and  Simms,  the 
focal  length  of  its  object  glass  being  43.4  inches,  and  its  magnifying  power  110 
diameters. 

The  clock  (sidereal)  and  chronograph  nsed  were  respectively  Nos.  Ife4  and  216  Bond 
&  Son. 

The  position  of  the  transit  was  the  same  as  given  in  the  lake  survey  Report  for  1871. 

The  instruments  used  at  Ogdeu  observatory  yvere  a  combined  transit  instrument, 
Wiirdemaun  No.  28;  asidere<al  chronometer,  Negus  1491  with  break  circuit  attachment; 
and  a  chronograph,  with  Professor  Harkness'  (United  States  Naval  Observatory) 
improvem  cuts. 

At  Ogden,  the  transit  was  mounted  over  the  eastern  monument  in  the  transit- 
room. 

The  method  employed  was  that  by  transmission  of  clock  signals  in  couueotion  with 
arbitrary  signals.    . 

The  clock  signals  being  automatic,  the  clock  and  chronometer  were  compared  by  con- 
necting first  one  and  then  the  other  with  the  telegraph  wire,  and  thus  causinj^  them 
both  to  record  their  beats  simultaneously,  iirst  upon  the  chronograph  at  one  station, 
and  then  upon  that  at  the  other. 

The  clock  signals  from  Ogden  were  not  well  recorded  on  the  Detroit  chronograph  on 
account  of  the  short  breaks  in  the  Ogden  chronometer,  and  the  arbitrary  signals  made 
approximately  every  ten  seconds  were  used  instead  of  the  automatic  signals. 

The  automatic  breaks  of  the  Detroit  clock  were  used,  reading  every  tenth  second. 

Bv  the  use  of  signals  transmitted  in  both  directions,  the  wave  time  and  loss  of  time 
in  the  use  of  repeaters  become  practically  eliminated. 

The  errors  and  rates  of  the  clock  and  chronometer  and  the  relative  personal  equation 
of  the  observers  being  determined,  the  correct  difference  of  time  between  the  two  sta- 
tions thus  becomes  known. 

In  the  Detroit  observations  of  time-stars,  fifteen  wires  were  observed,  but  five  only 
were  used  as  constituting  a  complete  observation. 

A  preliminary  reduction,  by  the  method  of  high  and  low  stars,  was  first  made.  The 
final  values,  however,  depend  upon  a  reduction  by  the  method  of  least  squares.  There 
were  five  nights  on  which  signals  were  exchanged. 

The  collimation  on  the  first  three  nights  was  considered  constant,  and  was  the  mean 
of  the  values  determined  by  reversals  on  slow  stai-s ;  on  the  remaining  two  nights,  tbo 
collimation  entered  the  equations  of  condition  as  an  unknown  quantity. 

The  rate  was  determined  from  the  high  and  low  star  redaction,  and  eliminated  froin 
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the  equations  of  conditiou,  except  on  the  first  night,  when  it  entered  the  equations  of 
condition. 

On  this  nifi^ht,  the  signals  were  obtained  before  any  star  observations,  and  the  night 
should  have  but  half  weight. 

For  weighting  the  equations  of  condition,  the  probable  error  for  time-stars  taken 
indiseriminately  and  observed  over  a  single  wire  was  determined,  and  found  to  be 
±  0-.06. 

For  the  slow  stars,  the  probable  error  of  observing  a  single  wire  was  computed  for 
each  star  from  all  the  observations  made  by  me  during  the  year. 

The  slow  stars  observed  were  A  and  a  Ursa  MinoriSy  1  DraoonU  (H.)«  and  226  Cephei, 
and  the  respective  probable  errors  were  found  to  be  :J::  1".31,  ^  1'.03,  -^  0".295,  and 
^  0*.213 ;  and  since  the  weight  unity  was  given  to  the  mean  of  tlve  wires  on  a  time- 
star,  the  square  roots  of  the  weights  for  the  slow  stars  over  five  wires  are  respectively 

When  the  number  of  wires  used  diflfered  from  five,  the  weights  of  the  resulting  times 
of  transit  were  reduced  to  this  standard  nnmber  by  the  formula  — 

W  =  ^  .  ^^'^^ 
5  rp 

where  rp  is  the  probable  error  of  a  polar  star  across  a  single  wire  and  n  the  number  of 
wires  observed. 

The  stars  selected  were  either  from  the  American  Ephemeris  or  from  the  Standard 
Catalogue  of  529  Stars  of  the  German  Astronomical^  Society ;  none  of  these  stars 
observed  on  any  of  the  five  nights  beiog  rejected. 

The  collimation  adopt-ed  for  the  first  three  nights  was  from  the  mean  of  three 
reversals  on  Polaris,  with  results  as  follows : 

Sept.  29 = -f  0«.322  for  illumination  west. 

Sept.  30 ~  4- 0«.206  for  illumination  west. 

Oct.  1 =  4- 0".3l9  for  illumination  west. 

Adopted  mean =  +  0*.282  for  illumination  west. 

The  results  for  clock-corrections  and  rates  on  the  different  nights  are  as  follows : 
Detroit  clock-correction  and  rate. 


Date. 


September  29, 1873 
September  30, 1^3 
October  1,1873.... 
October  9,1873... 
Octob6rl0,1873.... 


By  clock  184. 


h.  m. 

1  00 

S3  00 

S-2  00 

32  00 

23  30 


C  lock-correction. 


m.    t.  8. 

-5  37.  S34  ±  0. 034 
-5  38.  309  ±  0. 038 
-5  39.  010  ±0.038 
-5  43. 206  ±  0. 026 
-5  43.  d90  ±  0. 024 


Hourly 
rate. 


-O.OOl 
—0.020 
-0.022 
-0.025 
-0.085 


From  letter  of  Lieut.  George  M.  Wheeler,  February  19,  1874,  we  have— 
Corrections  and  rate  of  Negus  1491. 


Date. 


-!- 


Local  side- 
real time. 


September  29 20.6 

September  30 ,  19.7 

October    1 |  20.2 

October   2    '  20.4 

October   3 ,  19.9 

October   4 1  20.35 

October   5 i  19.75 

October    7 1  27.2 

October   8 1  20.7 

(Jctober   9 |  20.6 

OctoberlO i  20.6 

Oct4>berll I  21.2 


Correction  of 
chronometer. 


-42  32.174 
31. 975 
31.788 
31.796 
31.918 
32.136 
33.691 
34.  059 
34.279 
35.003 
3.\383 
36.523 


Honrly 
rate. 


-f  0.(108 
-f  0.008 
0.000 
-0.005 
-0,009 
-0.024 
-0.038 
-0.013 
-0.030 
-0. 016 
-0.046 


Adopted 
rate. 


9. 

-f  0.008 
4-0.0(8 
0.0(0 
O.C0O 
-0. 007 
-0. 017 
-0.026 
-0.030 
-0.022 
-0.023 
-0.031 
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The  comparisons  of  clock  and  chronometer,  and  the  resulting  differences  of  longi- 
tude, uncorrected  for  personal  eqnatiou,  are  as  follows : 

Means  of  direct  comparisons  of  clock  and  chtvnometer. 


Date. 

Detroit  chronograph. 

Ogden  chronograph. 

Clock  184. 

Chronometer  1491. 

Clock  184. 

Chronometer  1491. 

September  29 

September  30 

October  1 

h.    m.       8.         h.    m,       8. 

33  58  39.006»22  39  36.222 
0    15    25.563  =  22    56    31.561 

23  56  13.239  =  22  37  1&  515 
0    18    39.276  =  22    59    41374 

23    53    31. 279  =  22    34    35. 494 

h.    m.       8.         h.    fit.       8. 
23    53    22.000  =  22    34    29.571 
0    10    42.000=22    51    4^348 
23    51    32.000  =  29    32    37.616 

Ootober  9 

0    30    28.842  =  23    11    34.26S 

October  10 

23    46    02. 000  =  22    27    06. 572 

The  alove  m(h  a-rors  of  clock  applied. 


Date. 

DetroU  chronograph. 

O^den  chronograph. 

Clock  184.           Chronometer  1491. 

Clock  184. 

Chronometer  1491. 

September  29 

September  30 

October  1 

h.    m.       8.          h.    m.       t. 
23    52    51.483  =  21    57    04.059 

0    09    47.909  =  22    13    59.606 
23    50    34.186  =  21    54    46.727 

0    12    57.011  =  22    17    09.332 
23    47    47.656  =  21    52    00.079 

h.    m.       8.          h.    m.       8. 
23    47    44.4n  =  2l    51    57.407 
0    05    03.647  =  22    09    16.393 
23    45    52. 949  =  21    SO    05.  .S28 

October  9 

0    24    46.573  =  22    98    59.216 

October  10 

23    40     18. 387  =  21    44    31.  lf>4 

Detroit  and  Ogden — difference  of  longitude. 


Date. 

From  Ogden 
record. 

From  Detroit 
record. 

Mean. 

"Wave  and  armatare 
time. 

September  29 

September  30 

October  1 

h.    m.     a. 

1    55    47.070 
47.254 
47. 121 
47.357 
47.233 

h.    m.     8. 

1     55    47.424 
47.603 
47.459 
47. 679 
47.584 

h.    m.     8. 
1    55    47.247 
47.428 
47.290 
47.  518 
47.  409 

0.177 
0.174 
0.169 

October  9 

0  161 

October  10 

0.175 

Combining  the  above  values  for  difference  of  longitude,  giving  the  first  result  hut 
one-half  weight  arbitrarily,  siuce  the  weight  of  the  Ogden  time  .determinations  is  not 
given,  we  have — 

Ih  55U1 47..393 

Ohservatious  for  relative  personal  equation  were  made  by  Dr.  Kampf  and  myself  on 
October  17  and  23  at  Detroit. 

In  these  observations,  the  first  observer  on  any  star  ohserved  over  the  first  tally  of 
five  wires;  the  second  observer  observed  over  the  last  tally,  also  of  five  wires. 

The  observers  became  alternately  first  and  second  on  alternate  stars. 

The  results  of  fourteen  observations  on  each  night  are  as  follows :   , 

Personal  equation— Dr.  F.  Kampf  and  Assistant  Engineer  O.  B.  Wheeler. 

Oct.  17, 1873,  F.  K.-O.  B.  W.  =  -  0«.070-|-  0-.0I42 
Oct.  23, 1^:^73,  V.  K.— O.  B.  W.  =  -  0M.53  ±  0-.0220 

Combining  the  tweuty-eight  result-s  on  the  supposition  that  the  circumstances  of 
obscrvatiou  were  the  same  on  the  two  nights,  we  have  the  following  adopted  value ; 

F.  K.— O.  B.  W.  =  -  OMll  ±  0«.0139 
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Applying  this  valae  for  personal  equation,  we  have : 

Difference  of  longitude  between  the  east  stone  pier  of  the  Lake-Survey  observatory  and  the 
east  monument  in  the  transit-room  of  the  Ogden  observatory^ 

l»^55'n47-.50 
From  Lake-Survey  Report  1871,  the  same  Lake-Survey  station  is  given  as  24™00«.12 
from  Washin^on. 

The  reductions  have  been  in  every  case  duplicated,  and  were  made  chiefly  by 
Assistant  Eugineers  Charles  Pratt  and  Thomas  W.  Wright. 
Very  respectfully,  your  obedient  servant, 

O.  B.  Wheeler, 
Assistant  Engineer. 
General  C.  B.  Comstock, 

Superintendent  U,  S,  Lake  Surrey. 


Tnne-determinaiion  tables. 
In  the  following  tables  are  contained  the  abbreviations — 
111.  =  Illumination. 
C  A  i  =  Reduction  to  the  middle  wire. 
Aberr.  =  Aberration,  (diurnal.) 
A  a  =  Azimuth-correction. 
B6  =  Level-correction. 
Cc  =  CoUimation-correction. 
i'  z=  Observed  time  of  transit  of  a  star ;  commonly'  the  mean  of  five  wires. 
t=tf  corrections  being  made  for  C  At,  Aber.,  and  B&,  and  also  for  Cc,  and 

rate  when  c  and  p  do  not  enter  the  equations  of  condition. 
a  =  The  right  ascension  of  a  star. 
(a—t)  =  (An  assumed  A  0  =  The  absolute  term  of  the  equations  of  condition. 

a  =  Deviation  from  the  meridian ;  +  when  the  instrument  points  east  of  south, 
c  =i  Distance  of  the  middle  wire  from  the  line  of  collimation ;  -{-  when  illu- 
mination is  west, 
p  =  Hourly  rate  of  clock.  ^ 

A  *  =  Clock*  corrections  ;—  when  fast,  +  when  slow. 

6  =  An  assumed  clock-correction  at  a  certain  epoch,  (clock-time.) 
66  =  Difference  between  the  assumed  clock-correction  and  A  t  as  found ;  when 
CAi  is  omitted  t'  =  the  mean  of  the  several  wires  reduced  to  the 
middle  wire. 

Detroit,  September  29, 1873. 
Latitude,  42°  20'  -f .— 06««t'er,  Assistant  Engineer  O.  B.  Wheeler. 


m. 


"W. 


w. 

E. 


Star. 


12Cetl 

a   Caaaiopiie. 

0   Ceti 

«    Pisdom  . . 

Polaris  ... 

Polaris.... 

tf>    Ceti 

n  Pisciam  . . 
o    Piscium  .. 


CAi 


9. 

+  0.03 
+  0.06 
+  0.03 
+  0.03 


0.03 

0.03 

-0.03 


Aberr.  'Rate. 


-0.02 
-0.03 
-0.02 
-0.02 
-0.65 
-0.65 
-0. 02 
-0.02 
-0.02 


8. 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 


Aa 


+  0.13 
-0.07 
+  0.16 
+  0.10 
-5.28 
-5.28 
+  0.14 
+  0.08 
+  0.10 


Bb 


+  0.33 
+  0.85 
+  0.25 
+  0.40 
+  U.19 
+ 15.  41 
0.34 


Cc 


+  0.28 
+  0.50 
+  0.30 
+ 

+  13.52 

-1.^52 

0.29 


+  0.48-  0.29 

a.    n  AA^ 


Km.     t.    Km.    t. 

0  29  13.050  23  36.24 
38  58. 03     33  21. 99 

0  42  52.  661    37  15. 74 

1  02  00.760  56  23.93 
18  19. 04 1  13  02. 63 


18  44. 86 
23  20.52 
30  21.  40 


13  02.63 
17  43.31 
24  44.04 


1  44  21. 46,1  38  44. 10 


AC 


A.  m.     8' 
0  05  37.56 
37.35 
37.64 
37.68 


37.35 
37.58 
37.56 


Normal  equations. 

+  10.98  a  -f  0.42  p  -\-  3.40  66  -  0.13  =  0 
-f  0.42  a  +  1.43  p  -f  0.52  d  6^  -f  0.20  =  0 
+    3.40  a  -f-  0.52  p  -{-  7.01  d  (?  +  3.08  =  0 

a  =  -{-  0M74  E.  of  S. 
p  =  —  O^.OOl  per  hour. 
68  =  —  0».524,  with  the  weight  5.85. 
c  =  -{-  0".282  for  illumination  west,  (adopted  from  reversals  on  slow  stars.) 
0  was  assumed  =  —  5"»  37«  at  1*^.  clock-time. 
A  «  =  —  5™  37».524  ±  0».034  at  l'>,'clock-tiine. 
Note.— On  Polaris,  eight  wires  were  observed  before  reversal  and  five  after.    Weight 
was  given  accordingly  in  forming  the  normal  equations. 
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Detroit,  September  30, 1873. 
Latitude  J  Ai^  20'. — Observer  ^  Assistant  Engineer  0.  B,  R  Aeeler. 


m. 


w. 


E. 


W. 


Star. 


e      Delphini . 
X'   DelphiDi . 


li.    Aqaarii 

32   YnlpeculsE) 

<     Cygnl 

1  Dnuxmis  (L.  C.)  . 
/7    Aqaarii 

Aqaarii 

e     PegaBi 

t*,     Capricorni 

B     Pegasi 

9     Aqaarii 

Y     Aqaarii 

ir     Aqaarii 

aaeCephei 

i     Pegasi 

X     Aqoarii 

p     Cetl 

e      Piaciam 

Polaris 

Polaris 

e»    Cetl 

ij     Pisoiam 


+0.03 
+0.03 
+0.03 
+0.04 
+0.04 
+  0.fl2 
-0.03 


CAi  Aberr  Rate.     A  a       B&       Ce 


-0.03 

-0.03 

0.03 

0.03 

0.03 

-0.03 

-0.35 

-0.03 

0.03 

-0.03 

-0.03 


+0.03 
+  0.03 


8. 

-0.02 

0.02 

0.02 

-0.02 

0.02 

+0.11 

-0.02 

-0.02 

-0.02 

—0.02 

0.02 

0.02 

-0.02 

-0. 

-0. 

-0.02 

-0.02 

-0.02 

-0.02 

0.65 

0.65 


+0. 03 

+0.03+0. 

+0.03 

+0.03 

+0.02 

+0.01 

+0.01 

+0.01 

+0.01 

+0.01 


-O.Ol 
-0.01 
-0.01 
-0.01 
-0.02+0. 
-0.06 
-0.07 
0.07 
-0.07 


-0.02-0.07 
-0.02,-0.07 


9. 

+0.06 
"  06 
+0.10 
+0.04 
+0.03 
+0.70 
+0.09 
+0.09 
+0.07 
+0.10 
+0.07 
+0.09 
+0.08 
(-0.08 
-0.26 
+  0.07 
\59 
+  0.11 
+0.07 
-3.61 
-3.61 
+0. 
+0.06 


8. 
+  0.46 
+  0.49 
+  a33 
+  0.58 
+  0.60 
-  2.21 
+  0.38 

+  o.-m 

+  0.48 
+  0.32 
+  0.45 
+  0.35 
+  0.39 
+  0.40 
+  1.78 
+  0.46 


8. 

+0.29 

+0.29 

+0.89 

+0.32 

+0.32 

+2.00 

-0.28 

-0.29 

-0.29 

0.29 

0.28 

-0.2!) 

-0.28 

0.28 

1.13 

0.29 


+  0.34-0. 
+  0.18-0.30 
+  0.281-0.28 
+  9.771-8.63 
+14.42i+a63 
+  0.32' +0.29 
+  0.46|+0.29 


K    n^    8. 

20  32  48.30 
46  35.60 
51  2e.01 

20  54  48. 32 

21  13  11.38 
24  2&02 
30  38.78 
36  40.02 
43  37. 31 

81  52  08. 88 

22  09  2&  04 
15  4a  63 
90  46.37 
84  28.03 
35  43.33 
40  4a.  38 

82  51  40. 13 

0  42  53. 89 

1  02  03.26 
18  47. 59 
18  25. 69 
23  21.00 

1  30  21.  87 


h.   m.. 

20  87 
40 
45 

20  49 

21  07 
16 
24 
31 
37 

31  46 
28  03 
10 
15 
18 
30 
35 
83  46 

0  37 
056 

1  13 
13 
17 

1  84 


•    AC 


10.66 
47.84| 
50.431 
10.73i 
33.83: 
4a  93. 
54. 7& 
01.87; 
59.83' 
84.891 
50.05* 
10.50, 
06.30' 
49.98! 
05.361 
iai4i 


03.80' 
02.801 
43.32 
44.04, 


m.    8. 

05  38.  49 
3&64 
3a  34 
38.59 
3a  54 

3a  15 

3a  30 

3a :« 

3a  06 

3a  18 

3a  23 

36.20 
3a  19 

3a  42 
38.26 
38.03 
38.27 


38.32 
3a  58 


Normal  equations* 
+  20.56  a  -\- 10.66  J  ^  +  0.85  =  0 
-I-  10.66  a  -I-  19.37  d  i) -{-  4.72  =  0 

a  =  -f  0M19  E.  of  S. 
<Je  =  —  0».309,  with  the  weight  13.84. 
e  =  -{-  0'.262  for  illnmlDatiou  west,  (adopted  from  reversals  on  slow  stars.) 
p  =  —  0".020  per  hoar,  (adopted  from  high  and  low  star  redaction.) 
Assumed  valae  of  ^  =  —  5™  38*  at  22'»,  clock- time. 

A<  =  —  5"»  38«.309  ±  0-.038  at  22»»,  clock-time. 
Note.— On  1  Draconis  Affceen  wires  were  observed :  on  226  Cephei  also  fifteen  wires  ; 
on  Polaris,  eip^ht  before  reversal  and  four  after.    Weight  was  given  accordingly  in 
forming  the  normal  equations. 

Detroit,  October  1,  1873. 
Latitude,  42<^  20^— 0&»«'rcr,  Assistant  Engineer  O.  B.  Wheeler. 


m. 


Star. 


B. 


& 


0    Aqailie 

a*  Capricorni... 
Capricorni . . . 

8  Delphini 

y«  Delphini 

Aquarii 

Voipecalse... 

Cygni- 

Pegftid 

p    Aqaarii 

(    Aqoarii 

«    Pegasi 

a    Capricorni... 

20  Pegaai 

a    Aqaarii , 

9  Pegasi 

9     Aqaarii , 

y    Aqaarii 

IT    Aqaarii 

226  Cephei 

<    Pegasi 

A    Pegasi 

X    Aqaarii 

a    Pegasi 

a    Andromeda) . 

0    Ceti 

«     Pisciam 

Polaris 

Polnris 

«>   Ceti 

n    Pisciam 


CAi 


Aberr  Rate. 


8. 
-0.03 

-  0.03 
0.03 

-0.03 

0.03 

-0.03 

-  0.04 
0.04 

+  0.03 
+  0.03 
+  0.03 
+  0.03 
+  0.03 
+  0.03 
+  0.03 
+  0.03 
+  0.03 
+  0.03 
+  0.03 
-47.94 
+  0.03 
+  0.03 


+  0.04 
+  0.03 
+  0.03 


-0.03 
-0.03 


-0.02+0.04 
-0.02+0.04 
-0.02+0.04 
-0. 02  +0. 03 


-a  02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 


+0.03 
+  0.03 
+0.02 
+0. 02  +0. 
+0.01 
+0.01 


-0.021+0.01 
-0. 02  +0. 01 


-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.06 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.65 
"0.65 
■0.02 
-0.02| 


0.00 

0.00 

0.00 

0.00 

-0.01 

0.01 

0.01 

0.01 

-0.01 

-0.02 

-0.02 

-0.02 

-0.02 

-0.04 

-0.04 

-0.05 

-0.05 

-a  05 

0.06 


Aa 


1.22 


+0. 

+0. 

+0. 

+0. 

+0. 15  +  0. 40 

+0. 

+0. 


.17 


25 


+0. 
+0. 
+0. 
+0. 
+0. 
+0. 
+0. 
+0. 
+0. 
+0. 
+0. 
-0. 
+0. 
+0. 
+0. 
+0. 
+0. 
+0. 
+0. 
-9. 
-9. 

+a 

+0. 


+  0.29 
09+  0.51 
08+  0.61 
+  0.51 
+  0.35 


25+  0.33 


Bb 


+  0.23 
+  0.20 
+  0.19 

+  o.;» 


Ce 


+  0.44 
+  0.30 


16  +  0.  45 

21  +  0. 37 

19+  0.41 

85+0.32 

'+  0.36 

+  0.37 

+  1. 

-F   0.44 

+  0.53 

+  0.34 

+  0.49 

+  0.49 

+  0.21 

+  0i32 

+11. 13 

+  18.47 

+  0.88 


15  +  0. 39 


8. 

0.28 

0.29 

-0.30 

-0.29 

-  0.29 
-0.29 
-0.32 
-0.32 
+  0.30 
+  0.28 
+  0.29 
+  0.89 
+  0.89 
+  0.29 
+  0.28 
+  0.28 
+  0.29 
+  0.28 
+  0.28 
+  1. 13 
+  a29 
+  0.30 
+  0.89 
+  0.29 
+  0.32 
+  0.30 
+  0.89 
+13.34 
-13. 34 

-  0.89 

-  0.29 


80 


m.  8. 
10  85.63 
16  41. 14 
85  43.89 
32  49.39 
46  86.69 

51  29.05 
54  49.09 
13  12.  77 
21  53.01 
30  32.89 
36  39.94 
43  37.16 

52  03.08 
00  34.72 
05  56.23 
09  88.84 
15  48  59 

50  46.52 
24  2&14 
36  39.53 
40  48.36 
46  05.56 

51  40. 14 
04  06.78 

07  30.50 
42  53.96 

08  08.15 
18  86.82 
18  51.  M 
83  88.01 
30  88.90 


A.  tn. 

20  04 
11 
SO 
27 
40 
45 

80  49 

81  07 
16 
84 
31 
37 
46 
54 

81  59 

82  03 
10 
15 
18 
30 
35 
40 
46 

88  58 

0  01 

37 

0  56 

1  13 

17 
184 


47.06 
02.58 
05.34 
10.64 
47.81 
50.48 
10.71 
33.88 
14.96 
54.77 
01.86 
59.83 
84.8tt 
56.49 
18.10 
50.05 
ia49 
08.89 
49.97 
05.38 

iai3 

87.31 
01.94 
88.67 
53.84 
15.75 
83.94 
08.98 

43.34 

44.04 


AC 


A.  ffi.      #. 

0  05  3&73 
38.72 
38.72 
3S.96 
39.12 
3&86 
39.22 
39.88 
39.01 
38.01 
38L97 
38186 
39.07 
39.14 
39.00 
39.06 
3eL96 
39.09 
39.03 

39.13 
39.18 
39.04 
39.00 
39L16 
38.98 
39.97 


38.81 
30.00 
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Xcrmal  equaliona. 

+  18.78  a  +  16.69  (5  (?  —  5.73  =  0 
-f-  16.69  a  +  27.71  (5  0  —  4.96  =  0 

a=  +  0-.314E.ofS. 

de=—  0".010,  with  the  weiBhtl2.88. 
c=  +  0'.282  for  illmninatioQ  west,  (adopted  from  reversals  on  slow  stars.) 
p  =  —  0».022  per  hour,  (adopted  from  high  and  low  star  reduction.) 

AjBanmed  value  of  ^  =  —  5™  39*  at  22*»,  clock-time. 

A  <=  -  5»  39«.010  ±  0*.028,  at  22»»,  dock-time. 

Note.— On  226  Cephei  the  first  tally  of  five  wires  was  ohserved,  and  on  Polaris  eight 
wires  hefore  and  four  aftor  reversal,  and  on  X  Aquarii  and  a  Pegasi  four  wires  each 
were  ohserved.    Weight  was  given  accordingly  in  forming  the  normal  equations. 

Detroit,  Octofier  9, 1873. 

Latitude,  42°  2Q' , --Observer,  Assistant  Engineer  O.  B.  WheeUr. 


111. 


E. 


Star. 


Caprioomi 

Delphioi 

Cjgni 

Aquarii 

Cygni 

Cygni 

Draconia  (L.C.). 
Draconia(L.C.). 

Aquarii 

Pegaai 

Caprlcomi 

Aqoarii 

Aquarii 

Aquarii 

Aquarii 

Aquarii 

Cephei 

Pegaai 

Aquarii 

Pegaai 

Piacium 

Piaciom 

PiBCinm 

Andromedie 

Pii»cium 

Polaria 

Polaria 

Ceti 

Pisoinm 

PifiGinm 

ArietlB 

Cetl 


t. 

-0.03 
0.03 


-0.03 
-0.04 


OAt  Aberr  Kate.  A  a.     B&.      Cc. 


+0.03 
+0.03 
+0.a3 
+0.03 
+0.03 
+0.03 
40.03 

+ao3 


+0.03 
+  0.03 
+0.03 


8, 

08+0. 04 
'^  ^  +0. 04 
+0.03 
-0.  Oa  +0. 03 


a  02  +0. 03  +a 

-0.08+0.08+0. 

-0. 
-0. 
-0. 
-0. 


l9.01 
l0.01 
+0.01 

To.  01 

^0.00 


0.00 
_0.01 
_0.01 


+  0.04 
+0.03 


-0.03 
-0. 03 
-0.03 
-0.03 
-0.03 


-0. 0-2  _0. 01 
-0. 
-0. 
-0. 
-0. 
-0. 
0. 


02 
06 
02 
02 
02 
02 
+0. 03  -0. 08 
"  02 
02 


-0.01 
-0.01 
-0.02 
-0.02 
-0.03 
-a  04 
-0.04 
-0.05 
-0.05 


-0. 
-0. 
-0. 
-0. 
-0. 
-0. 
-0. 
-0.         „.- 

0.02I-0.11 


-0. 08 

-0. 

-0. 08 

-0.09 

-0.09 

-0.10 


I 


+0.281—0. 
+0.14+0. 

— o.oi|+a 

+0.21.+d. 

-  oi!+a 

.  02|+0. 
+1.551-0. 
+  1.551+0. 
+0.211-0. 
+  0.15-0. 
+  0.23,-0. 
+0. 18-0. 
+  0.21,-0. 
+0.18  0. 
+0.18+0. 
+0.18+0. 
-0.58+0. 
+O.O9U0. 
+0.21+0. 
-f  0.13+0. 
+0.1G+0. 
+a  16+0. 
+0.16+0. 
+0.07+0. 
+0. 15+0. 

-a  04+0. 

8.041+4. 
+0.211+0. 
+0. 13, +0. 

+ai5!+a 

+  0.091  +  0. 
+0.15|    0. 

I 


9. 

03-  0.32 
03;  -  0. 
06|-  0.44 
03-  0.33 
09,-  0.41 
10|-  0.30 
37U-  2.19 
:5-  8.19 
02+  0.32 
03*+  0.38 
02|+  0.32 
011+  0.30 
011+  0.32 
OOI+  0.31 
Ol|+  0.31 
Ol|+  0.31 
081+  1.24 
04+  0.33 
03+  0.32 
05+  0.32 
Oo!+  0.31 
0«|+  0.31 
07+  0.31 
ll!+  0.35 
121+  0.32 
55, +12. 98 
84! -12.  98 
11-  a  32 
l.*)!-  0.32 
14;-  0.32 
09-  0.33 
00-  0.32 
I 


h.  m.    i 
20  16  SO.  47 

32  58.68 
48  50. 27 
51  38.38 

80  58  10.  63 
31  06  56.90 

84  8a  91 
84  34.46 
36  43.40 
43  40.  86 

81  58  06.  46 
28  04  59.  80 

15  58.  01 
SO  49.99 
84  31.  61 

34  33.88 

35  46.15 
46  09.13 

28  51  43. 59 

23  04  10. 38 

88  1&97 

39  09.63 

83  58  31. 94 

0  07  34. 17 

1  O8OS188 
18  41.  43 
18  02.  87 

33  85.63 
30  86.63 

1  44  86.60 
8  05  46. 65 
8  18  01.  48 


AC 


h.  m.    i 
80  10  3a  60 

27  10.58 
37  07.55 

45  50. 31 

30  93  87.89 

31  01  14.30' 
18  50. 361 
18  50. 86] 
31  01.781 
37  59.13 

46  84. 80 
31  59  la  03 
23  10  10.  42 

15  oa  24 
18  49.  91 

28  52.30 
30  04. 93 
40  37.26 
46  01.90 

28  58  88. 64 

33  31  34. 17 

33  87.85 

83  52  50. 16 

0  01  18.86 

0  56  34. 00 

1  13  04. 18 

04.98 
17  43. 41 
84  44. 16 

1  38  44.22 

2  00  03. 
2  06  la  98 


k.  m.  8. 

0  05  41.73 
48.00 
48.34 
41.97 
43.40 
48.33 


48.15 
43.19 
48.80 
42.25 
42.11 
48.84 
43.20 
42.03 

'42.29 
42.24 
42.23 
42.29 
48.38 
48.85 
42.41 
43.40 


42109 
43.88 
48.81 
43.39 
42.17 


Xormal  equations, 

+- 21.56a  4-  2.66 04- 14.67 (J 6^-  3.51  =  0 
+  2.66  a  +  51.:}4  c -f  4.75  rJ  ^  -  15.58  =  0 
+  14.67  a -{-   4.75  c +  26.26  (J  f?-f   0.06  =  0 

a  =  +  0-.265E.ofS. 
c  =  -f  0».309  tor  illumination  west. 
6  0     -  0*.206,  with  the  weight  16.11. 

p=  —  0».025  per  hour,  (adopted  from  bigh  and  low  star  reduction.) 
AMumed  value  of  0  =  ~  5°'  42*  at  22^  clock-time. 

A  <  ==  -  5«  42-.206  ±  0-.026  at  22'',  clock- time. 
Note. — On  a  Cygni,  61^  Cygni,  u  Piscium,  four  wires  were  observed ;  on  X  Aquarii, 
three ;  on  1  Draconis,  seven  before  and  five  after  reversal ;  on  Polaris,  eight  before  and  five 
after  reversal.    Weight  was  given  accordingly  in  forming  the  normal  equations. 
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Detroit,  October  10,  1873. 
Latitude,  42*^  20' ,— Observer,  Assistant  Engineer  0,  B.  Wheeler. 


JQl. 


E. 


E. 


E. 
W. 


W. 


Star. 


01 


UrsiB  Minoria 

Urate  Minoria...... 

Capricomi 

Capricorni 

Delphini 

Cygni., 

Aquani 

Cygni 

Cygni 

Draconis  (L.C.) 

Draconla  (L.C.).... 

Aqnaril 

Aqoarli 

Pegaai 

Capricomi 

Aquarii 

Aqaarii 

Aquarii 

Pegaai 

Andromedos 

Cetl 

Pisdum 

Polaris 

Polaria 

Cetl 

Piaoiuni 

Arietis 

Arietis 

Ceti 


CAt  Aberr  Rate.     Aa      B6       Cc 


+  0.03 
+  0.03 
+0.03 
+0.05 
+  0.03 
+  0.04 
+0.04 


-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
0.04 
-0.03 


+  0.03 
+  0.03 
+  0.03 
<-0.03 


s. 

-0.  m 

0.83 

-0.  0-2 

0.0.4 

0.02 

-0.02 

0. 02 

-0.02 

-0.02 

+  0.11 

+  0.11 

-0.02 

-0,02 

-0,02 

-0.02 

-0.02 

-0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.65 

-0.  65 

0.02 

0.02 

0.02 

0.02 

0.02 


8. 
+0.30 
+0.30 
+0.28 
+0.26 
+0.26 
+0.23 


8. 


8. 
-3.93 
-a  93 
+0.09 
+  0.09 

+0.05' +0.07 +0.151 
0.01        *~     — 


3.40 
-1.97 

0.00 
+  0.02 


I 


-7.61 
+7.6li 
+0.  I.'i: 
+  0.15 


+0.23i  +  0.08 
+0.90+0.01 
+0.19     

+0.18 


+0.03 
1-0.59 

4-0.181+0.59 


+  0.17 
+0.16 
lo.  15 
+0.14 
+0. 12 
+0.08 

4.0.0fi 

+  0.04 


+0.08 
+0.09 
+0.06 
+0.09 
+0.07 
+0.07 
+  0.08 
+0.05 


-0.05  +0.03 
0.10' +0.09 


-0.13 
0. 15 
0.15 


0.16+6.09 


0.17 
-0.20 

0.21 
-0.33 


+0.06 
-3.07 
-3.07 


+0.05 
4  0.04 
+0.04 
+  0.06 


+0.17 

+0.10 

+0.15 

+0.08 

-0.12 

-0.44 

+0.07 

+0.07 

+0.09 

+0.06 

+0.09 

+  U.11 

+0.  10  _0. 15' 

+0. 16  -0. 15 

^  "     0. 16, 

-0. 15, 

0.14 

5l96| 

+  5.96, 

+0. 14i 

+0. 15! 

+0. 15 

+0.15 

+0. 15' 


+0.20] 
+  0. 15 
+  0.181 
+0. 16, 
-1.01: 

hi.  or 

-0. 14, 
-0. 14, 
-0. 15i 

-0. 15| 
0.14 
0.14 


+0.14 
+  0.05 
+0.07 
4  2. 02 
+3.90 
+0.08 
+0.12 
+0.17 
+0.21 
+0.23 
I 


h.  m.    8- 
19  56  36. 96 

19  56  27.  88 

20  16  45.  45 
25  4a  01 
32  53.  60 

42  50. 55 

20  51  33.35 

21  06  57.  42 
13  16.  81 
24  34. 25 
24  30. 941 
311  38. 09i 
36  45. 25 

43  42.  60 

21  52  08. 26 

22  05  01. 54 
34  35. 81 
51  45.42 

23  04  12.32 

0  07  36.25 
42  59.  46 

1  02  07. 69 
18  57. 08 
18  43.58 
23  26.66 
30  27.60 

1  53  23.89 

2  05  47. 35 
2  12  03.  44 


h.  m.    8. 
19  50  46. 36 

19  50  46. 36 

20  11  02.44 
20  05.20 
27  10.  50 
37  07.  55 

20  45  50.  30 

21  01  14. 28 
07  33.67 

16  50  42 
18  5U.  42 
24  54.66 
31  01. 76 
37  59. 1 
46  24.  79 

21  59  la  02 

22  28  52.  30, 
46  01.  89l 

22  58  28.  631 

0  01  52. 26 

37  15.79 

0  56  24. 01 

1  13  04. 38 
1  13  04.  :18 

17  4:i  42 
24  44. 17 

1  47  40.  52,' 

2  00  03. 97 
2  06  la  991 


Ae 


h.  m. 


0  05  43. 54 
43.34 
43.64 
43.62 
43.62 
43.70 
43.62 


43.59 
43.65 
4^59 
4:156 
4.^61 
4a  58 
43.57 
4^74 
4189 
4a  51 
4152 


4137 
4159 
4a  54 
4a  58 
4a  67 


Xoi'mal  equations. 

26.39  a  -f-   0.93  c  -f  12.87  J  fl  +    4.81  =  0 

0.93  a  -f-  57.49  c  +    1.92  d  <?  -    7.11  ==  0 

12.87  a-^    1.92  c  -f  22.34  <5  (9  +-  11.61  =  0 

a   =  +  O-.lOl  E.  of  S. 

c  =  ■+-  0«.  142  for  illamiuatiou  west. 

p    =  —  0«.  590  with  the  weight  16.03. 

p  =  —  0. 085  per  hour  (adopted  from  high  and  low  star  rednclion.) 

6  was  assumed  =  —  5"^  43"  at  23**  30™  clock-time. 

At  =  —  5«»  43«.590  ±  0-.024  at  23^'  30™  clock-time. 
Note.— On  /?  Aqnarii  and  ^Aquarii,  e  Piscium  and  6^  Ceti  four  wires  were  observed 
on  y  Ursse  Minoris,  seven  before  and  seven  after  reversal ;  on  1  Draconis,  seven  before 
ana  four  after  reversal ;  on  Polaris,  eight  before  and  four  after  reversal.    Weight  was 
given  accordingly  in  forming  the  normal  equations. 


Appendix  D.~Results  of  magnetic  observations. 

Report  of  Capt.  A.  K.  Lee,  Corps  of  Engineers. 

Office  U.  S.  Lake-Survey, 
Detroit,  Mick.,  October  21,  1873. 

Major  :  I  have  the  honor  to  submit  herewith  the  results  of  magnetic  observations 
made  under  your  instructions  during  the  months  of  July  and  August,  1873. 

The  report  of  observations  made  iu  May  and  June  of  this  year  has  been  already  sub- 
mitted to  you. 

Your  letter  of  instruction  of  July  8,  1873,  directed  me  '*  to  proceed  to  the  following 

£  laces  in  the  order  named/'  and  from  the  last  to  return  to  Detroit ;  viz :  Forestville, 
[ich. ;  Fort  Gratiot,  Mich. ;  Marquette,  Mich. ;  Copper  Harbor,  Mich. ;  Da  Lath  aad 
St.  Paul,  in  Minn. ;  Milwaukee,  Wis. ;  Michigan  Citv,  Ind. ;  and  Grand  Haven,  Mioh. 
At  each  place  I  was  to  observe  for  declination,  horizontal  intensity  and  dip,  and 
wherever  it  was  practicable,  use  the  same  points  as  occupied  by  Lieutenant  Smith, 
Topographical  Engineers,  in  1858  and  1859. 
During  the  time  that  has  elax)sed  since  Lieutenant  Smith's  observations  so  many 
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changes  have  occurred  at  the  different  stations,  especially  those  in  towns  or  their 
vicinities,  that  in  several  cases  I  found  it  impossible  to  use  his  old  points.^ 

In  others  I  found  the  points  used  by  him  had  been  evidently  selected  without  refer- 
ence t-o  future  occupation,  and  where  such  was  the  case  I  thought  it  advisable  to 
choose  others. 

At  f^irt  Gratiot  the  land  in  the  vicinity  of  the  old  station  has  passed  into  the  hands 
of  the  Grand  Trunk  Railroad.  The  buildings  they  have  erected  prevented  me  from 
occupying  the  exact  spot  used  by  Lieutenant  Smith.  I  selected  a  station,  however,  as 
near  the  old  one  as  possible,  and  on  the  Government  reservation. 

At  Marqnette,  Milwaukee,  and  Grand  Haven  I  was  also  obliged  to  occupy  new 
points. 

The  instruments  used  were  a  Wtirderaann  theodolite  magnetometer  No.  3,  Barrow 
dip-circle  No#  26,  and  a  Wiirdemanu  theodolite,  No.  85,  d-inch  limb,  reading  to  10". 

For  time  I  used  a  Kuhlberg  chronometer- watch,  running  to  mean  time,  with  a  rate 
of  about  2"  gaining.  The  commating-magnets  used  were  marked  at  ends  C  2  and  C  3. 
C  2  is  3.75  inches  in  length  and  0.79  inch  in  diameter.  C!  3  is  2.41  inches  in  length  and 
0.79  inch  in  diameter. 

Before  going  into  the  Held  in  1872,  the  zeros  of  the  magnet-scales  were  accurately 
determined,  as  were  also  the  values  of  one  division  of  each  scale. 

The  zeros  were  redetermined  before  commencing  work,  in  1873. 

The  moment  of  inertia  of  magnet  C  2  and  stirrup  were  also  determined  before  leav- 
ing Detroit  in  1872. 

Additional  observations  were  made  on  my  return  from  the  field  in  1872,  for  the  more 
accurate  determination  of  this  constant.  The  logarithm  of  adopted  value  is  log  K  = 
1.1548012.  Since  my  return  from  the  field  this  fall  I  have  made  several  sets  of  observa- 
tions, to  determine  whether  this  constant  has  changed.  The  result  of  these  observa- 
tions is  log  K  =  1.1501082.  The  inertia-ring  used  bein^  too  light  for  the  ma^ets, 
this  discrepancy  in  the  two  values  for  K  does  not  prove  that  the  moment  of  inertia  has 
changed. 

The  old  value,  bein^  the  moan  of  13  or  14  sets  of  careful  observations,  is  retained  and 
used  in  the  computation. 

I  also  determined,  in  the  spring  of  1873,  the  value  for  "P"  for  the  pair  of  magnets  used. 
This  value  being  practically  zero,  it  has  not  been  taken  into  account  in  the  computa- 
tions. 

The  weight  of  the  magnets  used  rendered  it  necessary  to  suspend  them  by  six  threads ; 
this  being  the  smallest  number  that  could  be  used  without  danger  of  constant  breakage. 

The  torsion  was  removed  before  observing  by  suspending  the  brass  cylinder  of  same 
weight  as  the  heavy  magnet,  and  allowing  it  to  remain  for  several  hours,  and  whenever 
practicable  over  night. 

The  observations  for  declination  were  made  to  include  the  early  morning  eastern 
elongation,  and  continued  at  intervals  during  the  day,  to  an  hour  in  the  afternoon  suf- 
ficiently late  to  include  the  western  elongation. 

The  mean  declination  for  the  day,  obtained  by  taking  the  mean  of  the  elongations, 
is  the  one  given. 

In  the  oMervations  for  dip  both  needles  were  used,  care  being  taken  to  reverse  the 
poles  of  the  needles,  using  always  the  same  number  of  strokes  of  the  bar-magnets.  As 
far  as  prasticable,  a  third  set  was  taken  on  a  succeeding  day  as  a  check  against  large 
errors. 

Careful  observations  have  been  made  to  determine  the  instrumental  correction  tor 
the  dip-circle  used ;  but  as  this  correction  is  less  than  the  probable  error,  it  has  not 
been  applied. 

The  observations  were  made  under  an  astronomical  tent,  care  being  taken  to  remove 
aU  iron  from  the  poles ;  and  nothing  was  carried  about  the  person  or  allowed  to  be 
brought  near  the  tent  that  could  in  any  way  affect  the  magnets. 

Two  sets  of  observations  for  azimuth  were  made  at  each  station,  (except  two,)  one  of 
which  at  least  was  at  an  elongation. 

I  am,  major,  very  respectfully,  your  obedient  servant, 

A.  N.  Lee, 
Captain  of  Engineer 8,  U,  8.  A, 

Maj.  C.  B.  CoMSTOCK, 

Corps  of  Engineers  J  U,  S,  A. 

Note. — In  submitting  the  results  of  my  magnetic  observations  for  1872, 1  omitted  to 
^ive  the  declination  at  Charlotte,  N.  Y. ;  the  results  appearing  to  me  too  small  to  be 
anywhere  near  correct,  viz,  3^  44'  26"  W. 

I  observed  again  at  Charlotte  this  year,  at  a  different  point,  and  on  two  days.  I 
found  the  mean  for  the  two  days  to  be  3^  46'  09"  W. 

These  results  show,  I  think,  that  the  error  is  due  to  local  attraction,  and  not  to  the 
observations. 


Digitized  by  LjOOQIC 


442 


REPORT    OP   THE   CHIEF   OF   ENGINEERS. 


Observations  fitr  dtp,  1873. 


Stations. 


I    ^ 

I 

Date.     I     a 
1   "3 


8 

& 


Meao. 


'Dip. 


ForestTille. 


Port  Gratiot . 


Fort  Brady  , 


Marquette 

Copper  Harbor. 


Dalutfa. 


Saint  Paol . 


Milwaukee 

Michigan  Citj  . 


Grand  Haven . 


1873. 

July  11 

July  11 

July  12 

July  15 

July  15 

July  16 


July  SS  I 
July  22  II 
July  23       II 


I 

II. 

II 

I 

II 
I 


July  29 
July  29 

Aug.  2 
Aug.  3 
Aug.    3 

Aug.  13 
Aug.  13 
Aug.  14 

Aug.  19 
Aug.  19 
Aug.  20 

Aug.  22 
Aug.  22 

Aug.  25 
Aug.  25 
Aug.  26 


I 
II 

I 
II 

I 

II 
I 
U 

I 

II 
II 


Aug.  28  I 
Aug.  28  :  II 
Aug.  29  ,     I 


74  54 

74  53 

74  53 

74  19 

74  21 

74  23 

77  29 

77  31 

77  28 

75  51 

75  48 

78  05 
78  01 
78  00 

76  20 
76  14 

76  18 

74  55 

74  58 

74  58 


72  43 

72  44 

72  50 

73  56 
73  56 
73  59 


74  52 

75  00 
74  53 

74  22 

74  27 

74  26 

77  32 

77  33 


75  49 

75  45 

78  04 

78  02 

78  02 

76  16 
76  16 
76  21 

74  51 

74  54 

74  50 

73  42 

T3  42 

72  41 

72  46 

72  36 

73  54 

74  07 
73  57 


74  53 

74  56 

74.  53 

74  20 

74  24 

74  24 

77  30 

77  32 

77  30 

75  50 

75  46 

78  04 
78  02 
78  01 

76  18 
76  15 
76  19 

74  53 

74  56 

74  58 

73  43 

73  43 

72  42 

72  45 

72  43 

73  S5 

74  01 
73  58 


74    54 

74  29 

77  30 

75  48 

78  02 

76  17 
74    55 

73    43 

7«    43 

73    58 
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Appendix  E.— Remeasurement  of  the  Keweenaw  base. 

Report  of  Major  C.  B,  Comatoeky  Corps  of  Engineers. 

1.  This  base  was  originally  measured  in  1867,  but  as  General  W.  F.  Raynolds,  at  that 
time  in  charge  of  the  Lake-Survey,  had  little  confidence  in  the  precision  of  the  work, 
on  account  of  the  muddy  condition  of  the  ground  during  the  measurement  giving  in- 
stability to  the  measuring-tubes,  it  was  decided  to  remea^ure  it.  This  was  done  in  the 
summer  and  fall  of  1873  by  Assistant  Engineer  E.  S.  Wheeler,  aided  by  Assistant  En- 
gineers C.  F.  Burton  and  C.  Pratt. 

The  base-apparatus  used^s  a  compensating  one  by  Wilrdemann,  a  copy  of  that  of 
the  Coast  Survey,  and  is  described  in  the  Lake-Survey  Report  for  18(58,  the  original 
being  described  in  the  Coast-Survey  Report  for  1654.  The  measuring  part  consists  of 
tubes  1  and  2,  each  about  15  feet  long. 

In  previous  bases  of  the  Lake-Survey,  the  measurement  had  been  made  without  tents 
over  the  tubes  ;  in  this,  Assistant  Engineer  Wheeler  was  directed  to  make  the  measure- 
ment under  movable  tents,  so  as  to  avoid  at  least  in  part  the  large  daily  fluctuations  in 
the  length  of  the  base-tubes,  arising  from  unequal  temperatures  of  the  compensating 
bars,  the  upper  being  most  heated  by  the  sun.  This  fluctuation  amounts  in  extreme 
cases  to  0.00500  inch,  the  length  of  a  tube  being  approximately  15  feet. 

A  mercurial  thermometer  can  only  be  depended  on  to  give  the  temperature  of  a 
standard  bar  when  the  temperature  of  the  bar  varies  very  slowly.  For  this  reason,  at 
previous  ba«es,  the  len^h  of  the  tubes  had  been  deduced  from  comparisons  with  the 
standard  bar  at  its  maximum  or  minimum  daily  length,  as  then  only  could  its  tempera- 
ture be  closely  determined  by  thermometers.  The  mean  of  these  maxima  and  minima 
results  was  taken  as  the  working  length  of  the  tube  during  measurement  for  the  Fond 
du  Lac  base. 

But  as  this  result  might  not  be  precisely  the  mean  length  of  a  tube  during  the  time 
of  actual  measurement,  it  was  decided  to  attempt  to  determine  the  length  of  tne  tube 
under  circumstances  as  nearly  the  same  as  those  of  measurement  as  possible.  Accord- 
ingly, Assistant  Engineer  Wheeler  was  directed  to  make  the  comparisons  under  tents  (as 
the  measurement  was  to  be  so  made)  instead  of  in  a  house  as  heretofore,  and  to  continue 
them  through  the  part  of  the  day  in  which  measuring  was  done,  (from  8  a.  m.  to  6  p. 
m.,)  in  the  expectation  that  the  daily  mean  of  such  comparisons  would  give  closely 
the  mean  length  of  the  tube  during  measurement  on  a  similar  day. 

As  the  thermometers  could  not  be  trusted  to  give  the  rapidly- varying  temperature  of 
the  standard  bar,  that  temperature  was  fixed  by  packing  the  bar  in  ice  kept  constantly 
renewed.  To  avoid  its  cooling  eftect  on  the  tube  it  was  only  introduced  between  the 
comparators  once  in  two  hours,  the  stability  of  the  very  st4)ady  stone  posts  on  which 
the  comparators  stood  being  trusted  in  the  interval. 

As  the  length  of  the  tubes  at  the  Fond  du  Lac  base  had  been  determined  by  maxima 
and  minima  comparisons  under  cover  while  the  tubes  during  measurement  had  been  ex- 
posed to  the  sun.  Assistant  Engineer  Wheeler  was  also  directed  to  ascertain  the  diflfer- 
ences  between  the  mean  lengths  of  the  two  tubes  as  resulting  from  maxima  and  minima 
comparisons  under  cover,  and  as  resulting  from  comparisons  continued  through  the 
working-daj'^,  the  tubes  having  no  tents  over  them  to  protect  them  from  the  sun  or  sky. 

These  dift'erences  are  corrections  to  be  applied  to  the  lengths  of  the  tubes  resulting 
from  maxima  and  minima  comparisons  used  iu  reducing  the  Fond  du  Lac  base. 

2.  Keweenaw  base  is  approximately  parallel  to  the  west  shore  of  Keweenaw  Bay,  its 
north  end  being  about  100  feet  from  the  shore  and  its  south  end  about  4,000  feet  from 
it,  the  length  of  the  base  being  28,992  feet  approximately,  or  five  and  a  half  miles. 
Its  height  above  the  bay  varies  from  25  to  80  feet,  the  slopes  of  the  ground  being 
gentle,  so  that  the  inclination  of  the  base-tubes  reached  4"^  in  but  a  single  case.  The 
latitude  and  longitude  of  its  north  end  are  46^  .57'  and  88°  27'. 

Nearly  the  whole  length  of  the  base  is  through  a  forest,  and  the  surface-soil  is  decom- 
posed sandstone  mixed  with  vegetable  matter.  Although  the  ground  was  tolerably 
firm  during  the  measurement,  greater  stability  for  the  trestles  wa«  obtained  by  making 
them  rest  on  stout  wooden  stakes  driven  to  the  surface  of  the  ground.  The  base-line 
had  been  converted  into  a  rarely  used  road,  and  in  places  grass  had  sprung  up.  As 
stakes  were  used,  the  partial  soil  was  not  removed. 

3.  Comparisons  of  the  tubes  with  the  standard  bar  were  made  from  July  16  to 
August  12, 1873 ;  measurements,  from  August  13  to  September  7,  1873 ;  comparisons, 
from  September  8  to  September  11, 1873 ;  measurements,  from  September  12  to  Sep- 
tember 25, 1873 ;  comparisons,  from  September  26  to  October  5, 1873 ;  remeasurements 
from  October  6  to  October  8, 1873 ;  comparisons,  from  October  9  to  October  15, 1873. 

The  first  distance  of  94  tubes  was  measured  four  times  at  the  beginning  of  the 
measurement  and  three  times  after  the  base  had  been  finished,  to  ascertain  the  error 
in  measurement. 

From  the  preceding  table  it  will  be  seen  that  as  much  time  was  required  for  the  com- 
parisons as  for  the  measurement. 


Digitized  by  LjOOQ  IC 


REPORT  OF  THE  CHIEF  OF  ENGINEERS.         445 

The  oompntatioD  of  the  length  of  the  base  waa  made  in  duplicate  by  Assistant  En- 
gineer E.  S.  Wheeler  and  Assistant  Engineer  R.  S.  Woodward.  Thermometers  and 
grade-angles  were  first  corrected  for  their  errors,  and  then  the  correction  for  grade-angles, 
contact-levels,  expansion  of  tnbe  2,  and  error  in  cylindrical  surface  of  tube  1,  were 
summed  and  applied  to  the  sum  cf  the  adopted  lengths  of  the  tubes.  The  resulting 
length  was  then  reduced  to  the  sea- level,  giving  fur  length  of  base  347,906.28  British 
inches.  A  correction  for  deviation  from  alignment  and  for  contact-pressure  will  be 
applied  in  $  21. 

4.  The  following  markings  of  the  base  have  been  made :  At  south  base  the  end 
point  of  the  base  is  a  cross  on  a  piece  of  brass  leaded  into  the  top  of  a  stone  post  six 
feet  long,  the  top  of  the  post  being  level  with  the  ground.  On  the  prolongation  of  the 
base  southward,  precisely  one  yanl  from  the  end  of  the  base,  is  a  cross  on  a  piece  of 
brass  set  in  the  top  of  a  stone  post  two  and  a  half  feet  long,  the  top  of  this  post  being 
six  feet  under  ground.  At  right  angles  to  the  end  of  the  base  and  about  100  feet  east- 
of  it  a  six-foot  stone  post  rises  one  foot  above  the  ground. 

There  is  a  similar  post  about  100  feet  west  of  the  end  of  base,  its  top  being 
broken  off. 

At  the  end  of  the  ninety-fourth  tube  (1,410  feet)  from  south  end  of  base,  and  on  the 
base-line,  there  is  a  cross  on  brass  in  the  top  of  a  stone  post  2i  feet  long,  the  top  of  the 
post  being  IH  inches  under  ground. 

At  the  middle  of  the  base  (end  of  nine  hundred  and  fifty-second  tube)  there  is  a 
cross  on  brass  in  the  top  of  a  stone  post,  the  top  of  the  post  being  2  feet  nuder  ground. 

At  the  north  end  of  base  there  is  a  cross  on  brass  in  the  top  of  a  stone  post  about  three 
feet  long,  the  post  running  down  to  rock  and  its  top  bein^  4  inches  above  ground.  On 
the  base-line  and  28.4  inches  south  of  the  north  end  is  a  similar  cross  in  a  similar  post, 
whose  top  is  level  with  the  surface  of  the  ground.  It  is  proposed  to  mark  the  north 
end  of  the  base  on  the  underlying  rock.  The  present  stone  is  about  30  feet  from  the 
road. 

Some  other  stones  were  set  on  the  base,  whose  descriptions  will  be  found  in  the  note- 
books. 

DeterminaUon  of  lengths  of  tubes  1  and  2  by  comparisons  with  15-foot  standard  bar, 

5.  In  these  comparisons  two  objects  were  to  be  attained : 

First,  to  determine  the  actual  or  working  lengths  of  the  tubes  while  employed  in  the 
measurement  of  the  base. 

Secondly,  to  find  a  correction  to  be  applied  to  the  leqgths  of  the  tubes  used  in  the  reduc- 
tion of  the  Fond  du  Lac  base,  on  account  of  the  difference  of  exposure  of  the  tubes 
during  comparisons  and  measurement.  The  comparisons  for  that  base  were  in  a  shed, 
the  means  of  the  lengths  at  maxima  and  minima  temperatures  of  the  standard  bar  being 
used  in  reduction,  while  the  measurement  was  in  the  open  air,  the  tubes  being  unpro- 
tected from  the  sun. 

To  reach  the  first  end,  each  tube  was  compared  with  the  standard  bar  in  ice  during 
several  whole  days,  and  the  lengths  of  the  tnbe  obtained  for  each  half-liour  between  t^ 
a.  m.  and  6  p.  m.,  the  usual  working-hours.  The  mean  of  these  for  one  day  gave  the 
length  for  that  day.  The  tubes  during  these  comparisons  were  under  a  tent,  and  as 
nearly  as  practicable  under  the  same  conditions  as  during  measurement. 

To  reach  the  second  end,  the  tubes  under  two  thicknesses  of  canvas,  and  a  part  of 
the  time  wrapped  in  quilts,  so  as  to  approach  the  conditions  of  the  Fond  du  Lac  com- 
parisons, were  compared  with  the  standard  bar  not  in  ice,  at  its  niaxima  and  minima 
temperatures. 

Then  the  tents  were  removed,  leaving  the  tubes  exposed  to  the  sun  or  clouds,  and 
half-hourly  determinations  of  the  lengths  of  the  tubes  were  made  by  comparisons  with 
the  standard  bar  in  ice.  The  difference  between  the  mean  of  the  lengths  of  ea<^h  tube 
derived  from  maxima  and  minima  comparisons  aud  the  mean  of  those  resulting  from 
all  day  comparisons  in  the  open  air,  is  taken  as  the  correction  to  be  applied  to  the 
lengths  of  the  tubes  derived  from  maxima  and  minima  comparisons  at  the  Fond  du 
Lac  bascj  to  give  their  working  lengths  during  the  measurement  of  that  base. 

6.  The  method  of  comparison  was  as  follows :  two  contact  level  comparators,  one  by 
WUrdemann  and  one  by  Stackpole,  were  mounted  on  he.avy  stone  piers,  a  little  more 
than  15  feet  apart.  The  masonry  supports  of  these  piers  rested  on  rock,  and  the  piers 
were  boxed  nearly  to  their  tops  to  protect  them  from  unequal  changes  of  temperature. 
A  tube  resting  on  its  trestles  was  placed  between  the  comparators,  the  standard  bar 
was  placed  on  the  tube  and  carefully  aligned,  and  then  by  the  motions  of  the  trestles 
one  or  the  other  was  brought  between  the  comi)arators,  the  Stackpole  being  kept  at  a 
fixed  reading  and  theWiirdemann  comparator  being  read. 

The  btone  piers  proved  to  be  very  steady. 

While  the  bar  in  ice  was  used  its  temperature  is  aiisumed  at  .T2^  ;  and  judging  from  the 
apparent  steadiness  of  the  piers  after  correcting  for  expansion  of  comparators,  this  as- 
sumption must  be  nearly  correct,  the  probable  error  in  the  bar  temperature  doubtless 
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beiDg  much  less  than  in  the  determinations  with  the  thermometer  when  the  tempera- 
ture of  the  air  is  not  stationary. 

When  the  bar  was  not  in  ice,  its  temperature  was  determined  by  mercurial  thermom- 
eters. 

In  reducing;  the  thermometers  were  corrected  for  their  errors,  and  then  their  curves 
plotted. 

The  readings  on  the  standard  bar  and  tubes  were  plotted  as  ordinates,  times  being 
the  abscissas. 

On  inspecting  the  curves  of  comparisons  of  tubes  with  bar  in  ice  when  the 
temperature  was  above  65^,  slight  depressions  are  seen  in  the  tube  curve  arising 
from  the  cooling  effect  of  the  bar  during  the  five  or  ten  minutes  it  was  on  the  tube. 
In  extreme  cases,  these  depressions  amount  to  0^*^.00040.  As  the  bar  in  ice  was  placed 
on  the  tube  but  once  in  two  hours,  the  effect  is  eliminated  by  neglecting  these  depress- 
ions in  the  curves. 

The  differences  between  the  tube  and  bar  curves  give  the  corresponding  differences 
of  length,  and  hence  the  length  of  the  tube  from  the  computed  length  of  the  bar  at  the 
observed  temperature. 

7.  In  all  the  following  comparisons  and  in  the  computation  of  the  length  of  the  base 
the  following  assumptions  have  been  made  : 

%n. 

Length  ofstandard  bar  at  62^  F.  in  British  inches 180.00972 

Expansion  of  standard  bar  for  1^  F 0.00174 

Expansion  of  Tube  1  for  P  F 0.00000 

Expansion  of  Tube  2  for  1°  F 0.00002 

Any  corrections  to  these  values  will  be  applied  to  the  resulting  length  of  base. 

8.  The  following  table  gives  the  results  oi  maxima  and  minima  comparisons  of  Tube 
1,  and  shows  the  increase  in  temperature  of  tube  1  for  two  hours  before  maximum  or 
minimum  temperature  of  bar. 


Date. 


Tube  temper!   lucreose  of 
ature.       j  temperature. 


August  1,  1873... 
Augnst  2,  1873  . . 
August  9,  1873.. 
August  11,  1873 . 
August  12, 1873. 
October  13,  1873.. 
October  14, 1873.. 
October  14, 1873. 
October  15, 1873. 


64.6 

62.3 

63.6 

58. 

57.5 

52. 

49. 

37.6 

45.7 


l.l 

1.3 

0.6 

0.0 

-  0.8 

-f-  2.3 

4-  2.0 

4-0.5 

4-0.2 


Maximum  or 
minimum. 


Maximum... 
Maximum... 
Maximum. . . 
Minimum . . . 
Minimum . . . 
Maximum... 
Maximum... 
Minimum  ... 
Minimum . . . 


Length  of  tube  1  from  mean  of  maxima  and  mean  of  minima  comparisons. 


Length  of 
Tubel. 


tn. 

179. 97463 
386 
349 
286 
S29 
549 
484 
176 
939 


179.97338 


The  difference  between  the  means  of  the  comparisons  before  and  after  October  12  is 
but  0'".00031,  and  is  too  small  to  be  considered  as  making  certain  a  change  of  length 
of  Tulje  1  in  the  int*»rval.    For  this  reason  the  mean  of  all  has  been  taken. 

The  mean  of  the  lengths  at  maxima  exceeds  that  at  minima  by^  0^».002I<). 

The  corresponding  difference  for  fourteen  maxima  and  ten  minima  at  the  Fond  du 
Lac  base  was  0^».00150. 

As  the  errors  in  the  comparator  measurements  could  scarcely  equal  0'" .00020  in 
any  case,  the  differences  between  the  lengths  given  above  are  due  mainly  to  the 
differences  of  temperature  of  the  two  compensating  bars,  and  to  the  errors  in  determin- 
ing the  temperature  of  the  standard  bar. 

9.  The  following  table  gives  the  daily  means  of  lengths  of  Tube  1,  taken  every  half- 
hour  from  8  a.  m.  to  6  p.  m.,  the  tube  having  nothing  over  it  to  shield  it  from  tlie  sun. 


Date. 

Maximum  tube 
temperature. 

Minimum  tube 
temperature. 

Range. 

Weather. 

Length  Tube 

August  4, 1873 

0 

90.5 
98.0 

o 
64.5 
68.0 

0 

26 
30 

Clear 

Few  clouds . 

in. 
179.97653 

August  5,  1873 

692 

Mean 

179.97878 

Comparing  this  with  ($  8)  the  maximum  and  minimum  length,  179^^.97338,  we  have 
for  correction  on  account  of  sun  to  the  maxima  and  minima  length  of  the  Fond  du 
Lac  base,  OJ°.0O334. 
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10.  The  following  table  gives  the  resnlts  of  comparisoDa  made  to  determine  the 
working  length  of  Tube  1  during  the  measaremeut  of  the  Keweenaw  base.  Tube  1 
was  compared  with  standard  bar  in  ice,  and  under  a  tent  as  in  measurement.  The 
table  ffives  between  8  a.  m.  and  6  p.  m.  the  maximum  and  minimum  tube  temperature 
and  the  mean  length  of  the  tube  in  that  time. 


1                  1 

■rx  .                            j  Maximum  tube  Minimum  tube 
"^*^                            '   temperature.      temperature. 

Weather . 

Mean  length  of 
Tube  I. 

'                            1 

1                       o        1                       o 

Annifit  6. 1873 '                  73.8                       Oft.  1 

Cloudy 

Sunshine .  . . 
Sunshine..  . 
Light  clouds 
Cloudy 

in. 
179. 974«J 

August  7,  1873 65.0     '■                   62.0 

Anirnat  8   1873         66.       1                   57.4 

490 
536 

Soptemlier  9, 1873 i                  53.6    i                  48.4 

570 

October  2,  1873 l                  39.4    |                  36.3 

425 

Working-length  of  Tube  1.— mean 

179. 97501  ±0K000167 

The  maxima  and  minima  comparisons  ($  8)  indicating  no  permanent  change  of 
length  of  Tube  1,  during  the  measurement  the  mean  of  the  above  values  is  taken  as  the 
working  length  of  tube  1  during  the  whole  of  this  measnrement  of  Keweenaw  base. 

11.  The  following  table  gives  the  results  of  comparisons  of  Tube  2  with  the  standard 
bar  at  its  maximum  or  minimum  temperature,  botn  being  wrapped  in  quilts  for  a  part 
of  the  time,  and  under  two  thicknesses  of  canvas.  Increase  of  temperature  for  two 
hoars  before  maximum  or  minimum  is  also  shown. 


Date. 


July  SS,  1873... 
July  26,  1873... 
July  26,  1873... 
July  29,1873... 
July  30,1873... 
July  31,1873... 
October  11. 1873 
Octoberll.  1873 
October  12, 1873 
October  12, 1873 


Tube  temper- 
ature. 

Increase  of 
temperature. 

State  of  bar. 

Length  Tube 
2 

o 
71.99 
58.89 
69.28 
68.87 
57.93 
61.54 
45.65 
47.68 
32.65 
51.39 

o 
0.53 
O.CO 
0.60 
1.02 
0.07 
1.70 
0.03 
0.36 
0.72 
3.62 

Maximum ;  in  quilts 
Minimum;  in quilto. 
Maximum ;  in  qnilta 
Maximum ;  in  quilts 
Minimum ;  no  quilts 
Maximum ;  no  quilts 
Minimum  

179.99836 
884 
915 
916 
941 
953 
661 

631 

Minimum 

683 
669 

The  comparisons  from  July  25  to  July  31  were  before  any  measurements  had  been 
made,  and  those  from  October  11  to  October  12  were  after  all  measurements  had  been 
completed.  The  later  comparisons  show  a  large  change  in  the  length  of  Tube  2,  and 
bence  the  first  set  should  be  used  to  determine  the  length  at  the  beginning,  and  the 
«econd  set  that,  at  the  close  oi  the  measurement. 

in. 

The  mean  of  the.maxima  comparisons  before  measurement  is 17d.  99905 

The  mean  of  the  maxima  comparisons  after  measnrement  is 179. 99650 

Difference 0.00255 

The  mean  of  the  minima  comparisons  before  measurement  is 179. 99912 

The  mean  of  the  minima  comparisons  after  measurement  is 179. 99672 

Difference 0.00240 

Both  alike  indicate  a  large  change  in  the  length  of  the  tube,  and  in  $  12  it  will  be 
seen  that  the  comparisons  before  and  after  measurement  to  determine  the  working 
length  show  the  same  change. 

On  September  11,  one  end  of  the  tube  fell ;  it  was  canght  by  hands,  so  that  the  blow  on  a 
man's  shoulders  below  it  was  light,  and  therefore  it  received  no  great  jar.  It  was  at 
once  carried  to  camp  and  recompared,  but  the  comparison  indicated  no  change  of 
length. 

It  roust  then  be  assumed  that  the  working  length  of  Tube  2  was  the  same  from  the 
beginuing  of  the  measurement  until  September  1 1,  and  that  all  the  change  took  place 
between  this  date  and  the  close  of  the  measurement. 

Taking  the  half  sum  of  the  mean  maximum  and  mean  minimum  length  of  Tnbe  2 — 

Before  measnrement,  we  have 179.99909 

Aft3r  measurement,  we  have 179,99661 
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Tfae  first  is  the  length  to  adopt  for  Tube  2  before  the  measurement,  from  maximum 
and  miDimnm  compariBons ;  the  second  the  corresponding  length  after  measurement. 
Their  difference  measures  the  shortening  of  Tube  2,  0'».00248. 

If  the  differences  of  the  maxima  and  minima  lengths  before,  and  again  after  Septem- 
ber 11,  l^  taken,  and  then  the  mean  of  these,  we  have  — 0*».00015  as  the  excess  of  length 
of  this  Tube  2  at  maximum  temperatures  above  that  at  minimum. 

At  the  Fond  du  Lac  base,  this  quantity  was  0*'>.00079  as  derived  from  six  maxima 
and  five  minima  comparisons. 

12.  The  following  table  gives  the  daily  means  of  the  lengths  of  Tube  2,  taken  at  each 
half  hour  between  8  a.  m.  and  6  p.  m.,  the  tube  being  exposed  to  the  sun  or  sky,  and 
compared  with  the  standard  bar  in  ice.  The  standard  bar  was  placed  on  the  tube  for 
five  or  ten  minutes,  once  in  about  two  hours,  the  piers  being  assumed  to  move  uni- 
formly if  at  all,  in  the  interval. 


'  Date. 

Maximum  tnbo 
temperature. 

Minimum  tube 
temperature. 

Range. 

weather.                \^S&1 

< 

Jnly  17, 18T.J 

0 

76.5 
90.5 
94.5 

o 
64.5 

o 
IS 

in. 
Partiallr  cloudy  ....          180.  OOOei 
Clear 167 

Jnlv21, 1873 

61.5            29 
7i5     ,        22 

July  22, 1873 

Partially  cloudy  ....                    130 

Mean 

From  §11  the  maxima  and  minima  length  before  measurement  was. 


Difference. 


180.00126 
179.99909 

+  0.00217 


The  difference  -j-0*".00217  is  the  correction  on  account  of  sunshine  to  apply  to  the  length 
of  Tube  2  used  in  computing  tbe  Fond  du  Lao  base. 

The  corresponding  difference  for  Tube  1,  given  in  $7,  is  0*".003:M. 

The  comparisons  of  Tube  1  were  made  in  weather  almost  entirely  clear,  with  constant 
sunshine :  those  of  Tube  2  were  on  days,  one  of  which  was  almost  entirely  clear,  wfaile- 
on  the  otner  two  there  were  heavy  clouds  for  a  part  of  each  day.  Tbe  mean  is  proba* 
bly  near  the  average  value  of  the  correction  to  the  mean  of  the  two  tubes. 

It  will  be  rememuered  that  Tube  1  is  0'".00216  longer  at  maximum  temperature  than 
at  minimum,  in  consequence  of  its  compensating  bars  heating  at  different  rates,  while 
tube  2  is  0'".00015  shorter.    This  difference  of  behavior  in  the  two  tubes  also  shows  itself 
in  the  values  of  the  quantities  0»".00334,  and  0K00217  just  obtained. 

13.  The  following  table  gives  the  daily  mean  working  length  of  Tube  2,  derived  from 
its  half-hourly  lengths  between  8  a.  lu.  and  6  p.  m.  Tube  was  under  tent,  as  in  meas- 
urement, and  was  compared  with  standard  bar  in  ice : 


Date. 

Maximum  tube 
temperature. 

Minimum   tube 
temperature. 

Lengtk 
Tube  2. 

July  18  1873 

0 

60 
-9 

c 
53. 
70.5 

in. 
]8a0000i« 

July  23, 1873 -- - 

180. 0OJ58 

Mean      

180.00083 

Rentember  30  1873 

\-" 

43.5 
42.5 

•35.5 
37.0 

179  998S5 

October  1  1873 

179. 998U 

Mean 

179. 99820 

Showing  a  change  in  length  of  Tube  2  of  0»n.00263.  The  change  of  length  of  Tube  2, 
shown  by  these  conipaiisous,  differs  from  that  given  by  maxima  and  minima  compari- 
sons before  and  after  measurement  of  the  base  by  less  tbau  is  to  be  expected  from  the 
probable  errors  of  the  comp/irisons. 

As  the  working  length  comparisons  after  tbe  measurement  of  the  base  were  on  Sep- 
tember 30  and  October  1,  while  the  maxima  and  minima  comparisons  after  measure- 
ment were  on  October  II  and  12,  it  follows  that  the  change  in  length  must  have 
occurred  between  September  11  and  September  30.  The  comparisons  of  September  II 
not  indicating  that  its  length  had  been  changed  by  its  partial  fall  on  that  day,  we 
must,  for  want  of  better  data,  assume  that  its  length  changed  gradually  from  September 
11  to  September  oO,  and  take  for  working  length  of  tube  2  before. the  fall,  on  Septem- 
ber 11,  the  value  resulting  iiom  comparisons  before  measurement ;  for  working  length, 
from  September  11  till  cKise  of  measurement,  the  mean  of  the  working  lengths  given 
by  compaiiscuis  before  and  after  measuiement;   and  ior  working  length  during  the 
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rem<»a«iirements  after OctolHjrl,  the  length  resulting  from  comparisons  of  September  30 
and  October  1.     These  values  ar<j  as  follows  : 

in. 

Tube  2,  working  length  before  September  11 ItO.  000R3 

Tube  2,  working  length  September  1 1  to  S»»pteiJiber  2i) 179.  91)951 

Tube  2,  working  length  after  September  29 179.99820 

14.  An  attempt  will  now  be  made  to  estimate  the  probable  error  in  the  working- 
length  179»».9750l  adopted  for  Tube  1  during  the  remeasnrement  of  theKeweeuaw  base. 
On  examining  the  daily  curves  resulting  from  the  comparisons  to  determine  the  work- 
ing length  of  tnis  tube,  it  is  found  that  the  greatest  change  in  length  on  any  day  be- 
tween S  a. ro. and  6  p.m.  during  comparisons  for  working  length  •was  0^".00290  on 
August  8,  and  the  least  change  was  01*^.00094  on  August  7.  These  quantities  give  the 
change  in  length  arising  from  varying  differences  of  temperature  between  the  upper 
and  lower  bar  in  the  tube  during  the  day,  the  tube  being  under  canvas.  Referring  to 
$  10,  it  is  seen  that  the  greatest  difference  between  the  results  of  such  comparisons 
on  different  days  is  0'n.0014;i,  this  difference  resulting  from  the  average  temperature 
difference  between  the  upper  and  lower  bars  of  the  tube  being  different  on  jlifFerent 
days. 

The  differences  arise  from  constantly  varying  causes,  among  which  are  cloudiness, 
humidity,  wind,  tent  cover  temperature,  and  earth  temperature.  While  these  causes 
are  known,  the  amount  of  influence  of  each,  on  the  length  of  the  tube,  is  entirely 
unknown. 

If  it  were  certain  that  the  conditions  to  which  the  tube  was  exposed  duriuar  the 
whole  of  the  measurement  were  fairly  represented  by  those  during  the  comparisons 
for  working  lengths,  we  might  obtain  the  probable  error  in  the  adopted  working 
length  from  the  uiscrepancies  between  it  and  the  single  day's  results,  as  if  those  dis- 
cre))ancies  were  accidental  errors.  The  probable  error  thus  found  for  working  length 
of  Tube  I  is  ±0*".000167. 

The  causes  most  effective  in  determining  the  daily  fluctuations  in  the  length  of  the 
tube  are,  the  daily  range  of  temperature,  and  the  daily  amount  of  sunshine.  Now  as 
these  conditions  were  variable,  the  average  daily  temperature  range  in  August  being 
considerably  greater  than  in  the  latter  part  of  September  ;  and  the  weather  during  the 
first  period  being  very  good,  while  in  the  latter  there  was  much  cloud  and  rain,  giving. 
lower  and  steadier  temperatures,  there  is  a  considerable  probable  error  involved  in 
-  the  assumption  that  the  few  days  of  comparison,  fairly  represented  the  many  days  of 
measurement. 

Daring  measurement  the  tube  is  over  ground  which  in  clear  weather  has  for  hours 
been  exposed  to  the  sun,  while  during  working  length  comparisons,  it  is  over  ground 
continuously  shaded  by  the  tents.  The  earth's  radiation  will  heat  the  lower  bar  most, 
thus  partially  neutralizing  the  effect  of  the  sun  acting  through  the  tent  on  the  upper 
bar,  and  shortening  the  tube  below  the  length  given  by  working  length  com))ari8ons. 
The  effect  will  vary  so  widely  with  the  amount  of  sunshine  and  the  nature  of  the 
gronnd,  that  it  is  impossible  to  estimate  it.  It  must  be  many  times  less  than  that  of 
direct  exposure  to  the  sun.  which  increases  the  mean  daily  length  of  the  tube  above 
the  working  length  by  O'".b0171. 

Remembering  that  the  greatest  difference  between  any  of  the  daily  results  of  work- 
ing-length comparisons  was  only  0^".00145,  it  would  seem  that  the  assumption  of  a 
probable  error  of  O^n.00030  from  the  uncertainty  in  the  action  of  the  causes  just  men- 
tioned must  be  ample.      Combining  it  with  that  resulting  from  the  comparisons  we 

have 

±  -/(O^'.fHJOn)-  4-  (0«^00030)2  =  Oin.00034 

as  the  probable  error  in  the  adopted  value,  179»'».97501,  of  the  working  length  of  Tube  1. 

15.  An  estimate  will  next  be  made  ol  the  probable  error  in  the  working  lengths 
adopted  for  Tube  2.  It  has  already  been  stated  that  the  mean  of  six  maxima  and 
minima  comparisons  between  July  25  and  31,  differs  from  the  mean  of  four  such  com- 
parisons on  October  11  and  12  by  O^n.00248,  while  mean  of  working  length  comparisons 
on  July  18  and  23  exceeded  that  of  such  comparisons  on  September  30  and  October  1 
by  0'».002(>3. 

Since  there  were  ten  of  those  to  four  of  these,  double  weight  is  given  to  the  first  deter- 
mination of  amount  of  change,  whence  results — 

Adopted  decrease  in  length  of  Tube  2  =  0^n.002r»3 

On  examining  the  curves  plotted  from  the  comparisons  for  working  length,  it  appears 
that  the  greatest  length  of  Tube  2  during  a  day's  comparisons  amounted  to  0'°.00112  on 
July  18,  and  the  least  change  of  length  during  a  day  was  0'».00065  on  September  30, 
while  the  greatest  difference  of  whole-day  results  was  0'" .00150. 

For  reasons  the  same  as  in  finding  the  probable  error  in  working-length  of  Tube  1, 
that  of  Tnbe  2  is  obtained  in  part  from  the  discrepancies  between  the  daily  mean  results 
and  the  final  mean.    But  as  the  tube  changed  length  by  O^"" .00253  before  the  compari- 
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sons  of  September  30  and  October  1,  that  amoiiDt  has  been  added  to  the  results  of  those 
days  before  deducing  the  probable  errors,  as  the  number  of  results  before  or  after  nieas- 
nrement,  taken  separately,  was  too  small.  This  process  tacitly  assumes  that  the  pre- 
cise change  in  length  of  Tube  2  is  known ;  the  error  in  the  assumption  mast  be  small, 
and  would  have  little  eifect  on  the  following  value  of  the  probable  error. 

By  this  method  there  results : 

Probable  error  in  working-length  of  tube  2  deduced  from  comparisons=i  0*".0O021. 

For  the  reasons  stated  in  $  14,  a  probable  error  of  0^** .00030  is  assumed  to  cover  the 
difft  rence  between  the  external  conditions  during  measurement  and  during  working- 
length  comparisons. 

Combiniug  the  two  errors  we  have — 

±  v^(0i^00021)»-^^i^000307^  =±0»n.00037 

as  the  probable  error  in  the  working  lengths  adopted  for  Tube  2. 

16.  Alignment  was  obtained  after  hnding  that  the  mark  at  the  middle  base  was  very 
nearly  on  the  line  through  the  marks  at  the  ends  of  the  base  by  setting  np  a  theodolite 
at  the  middle  of  one  of  the  halves  of  the  base,  very  nearly  on  the  line ;  then  reading 
by  several  repetitions  the  angle  (very  nearly  180^)  between  the  ends  of  this  half  and 
computing  the  distance  the  stake  must  be  moved  to  bring  it  on  the  line.  Each  of 
these  smaller  parts  yras  then  bisected  in  the  same  way,  and  the  process  continued  till 
stakes  had  been  set  on  the  line  500  feet  apart.  By  this  method  it  is  improbable  that 
any  of  those  lines  could  have  been  inclined  to  the  base-line  by  more  than  one  minute, 
as  the  instrument  used  read  to  10  seconds,  and  the  probable  error  is  much  less.  As  an 
error  of  one  minute  would  only  introduce  an  error  into  that  part  of  the  baee  of 
7TrD(HTin77i  and  as  the  probable  error  is  much  less,  it  is  insignificant  in  comparison 
with  other  errors,  and  may  be  neglected,  or,  what  is  the  same  thing,  these  stakes  &00 
feet  apart  may  be  assumed  to  be  precisely  on  the  line. 

To  place  a  tube  on  the  line,  the  base-line  transit-instniment,  with  a  more  powerful 
telescope  than  that  of  the  theodolite,  was  set  up  on  one  of  the  stakes  and  pointed  at  the 
preceding,  and  the  front  end  of  the  tube  placed  in  the  vertical  plane  of  the  telescope. 
When  the  front  tube  got  within  150  or  200  feet  of  the  transit,  the  latter  was  moved  to 
the  next  500-feet  stake.  The  distances  from  transit  to  tube  varied  then  from  200  to 
700  feet. 

The  length  of  the  base  gives  57  of  these  500-feet  intervals,  and  so  many  times  will 
the  distance  of  the  tubes  from  the  transit  vary  from  700  to  200  feet. 

The  maximum  error  that  could  be  committed  in  putting  the  agate  at  the  end  of  the 
tube  on  the  line  at  the  distance  of  700  feet  may  be  taken  as  0'<*.3,  and  at  the  distance  of 
200  feet  as  0i<'.05. 

From  the  ordinary  law  of  error,  when  the  maxima  errors  in  57  observations  are 
respectively  0*°.3  and  0'".05,  we  have  the  probable  errors  of  one  such  observation 
respectively  0*»».08  and  0*°.013. 

These  values  give  for  the  probable  deviation  from  the  base-line  of  a  tube  at  700  feet 
from  the  transit — 


and  at  the  distance  of  2C0  feet— 


180 

0.01V2^.,.,, 

180 


For  130"  the  correction  to  the  length  of  a  tube  would  be  only  .ro*)o^6a  part  of  its 
length,  and  taking— 

i3(y'-f2r 

2 
as  the  probable  deviation  of  any  tube,  the  probable  correction  to  each  tube  is — 

— 0i°.000012 
This  correction  always  being  negative,  its  value  for  the  whole  base  is— 

1933  X  (— O'^^.OOOO  12)  =  — 0'".023 
The  probable  error  in  this  correction  is  so  small  in  comparison  with  other  probable 
errors  that  it  may  be  neglected. 

17.  The  inclination  of  the  tubes  to  the  horizon  is  read  to  seconds  by  means  of  the 
sector.  The  sector  is  liable  to  get  out  of  adjustment,  and  this  adjustment  was  there-, 
fore  examined  and  the  correction  determined  every  f«w  days  during  the  remeasare- 
ment,  eighteen  times  in  all  for  each  tube.  The  maximum  correction  found  was  115 
seconds.  The  error  in  the  adopted  value  for  any  inclination  will  therefore  be  made 
np  of  two  parts :  first,  the  error  in  the  determination  of  the  correction  ;  secondly,  the 
error  in  the  as^^nmption  that  between  two  such  determinations,  the  correction  changed 
uniformly. 

The  correction  was  determined  by  bringing  the  two  agates  at  the  ends  of  a  tube  into 


Digitized  by  LjOOQ  IC 


REPORT  OF  THE  CHIEF  OF  ENGINEERS.         451 

the  same  horizontal  plane  by  means  of  a  leveling-instrument  close  at  hand,  and  then 
reading  the  sector.  Repeated  trials  gave  a  range  to  the  valnes  of  the  correction  of 
less  than  twenty  seconds;  and  as  several  determinations  were  made  each  time  the  cor- 
rection was  determined,  if  five  seconds  be  taken  as  the  probable  error  of  the  correc- 
tion it  is  certainly  large  enough. 

If  the  mean  value  of  the  correction  as  derived  from  its  consecutive  determinations 
were  used,  the  resulting  correction  to  the  tubes  would  be  nearly  the  same  as  if  the  cor- 
rection was  supposed  to  change  uniformly.  The  probable  error  of  this  mean  value 
would  be — 

,V' 

V 
giving  for  the  length  of  one  tube  a  correction  of  O»".O001O7,  if  its  iucliuation  be  taken 
at  2-.  Tbis  value  2^  is  more  than  double  the  average  inclinatiou  and  \h  certainly  large 
enough  to  more  than  balance  the  greater  effect  of  the  error  in  inclination  in  the  few 
larger  grade  angles.  There  being  thirty-six  determinations  of  the  correction,  we  may 
consider  the  line  as  divided  into  steps  whose  average  length  was  5'.?  tubes.  In 
this  distance,  the  probable  error  in  the  length  will  be — 

53  X  0««».000107  =  ()>".U0567 
and  for  36  steps,  or  the  whole  base— 

V3t)X0'n.00567=^0«".034 

There  is  another  error  in  the  assumption  that  between  two  deteruiiuutiouK  of  the  sector- 
correction,  that  correction  varies  uniformly. 

There  is  no  method  of  judging  of  the  amount  of  error  in  the  assumption ;  but  as  the 
correction  was  sometimes  constant  for  several  days,  (once  for  ten  days,)  if  10"  be  taken 
as  the  probable  average  constant  error  in  any  set  of  53  tnbes  from  this  cause,  i(  would 
seem  to  be  ample. 

As  in  the  1.933  tube  lengths  which  made  up  the  base,  1,834  had  an  inclination  of  less 
than  2P,  we  shall  give  moie  than  the  full  effect  to  this  error  ly  taking  ti'^  as  the  incli- 
DatioD  of  all  the  tubes  in  its  computation.  This  probable  error  of  10''  gives  a  probable 
error  of — 

— '  X0«°.034=0»n.097 
6  .5 
in  the  whole  base. 
The  resultant  error  in  the  base  arising  from  both  these  incliuation-errors  is  then — 

V'(0'°.097pir(0«n.034)  2  =  0«».103 

IS.  When  at  any  time  from  the  approach  of  night,  or  from  bad  weather,  the  measure- 
ment was  suspended,  the  terminal  point  of  the  measurement  was  murkeil  by  a  cut  in 
the  bead  of  a  copper  tack  driven  into  the  head  of  a  stake;  this  head  being  below  the 
surface  of  the  ground. 

To  fix  the  position  of  this  mark,  a  theodolite  was  set  up  a  short  distance  from  the 
front  agate  of  the  advanced  tube  in  a  plane  through  the  end  of  the  agate  normal  to  the 
line  of  tnbe;  and  after  leveling  the  theodolite,  the  end  of  the  agate  was  pointed  at, 
and  the  mark  on  the  tack-head  made,  in  the  same  vertical  plane,  tbe  tack  having  been 
already  placed  in  tbe  vertical  plane  of  the  base  line. 

lu  thus  referring  the  end  of  the  tube  to  the  ground  with  a  good  theodolite,  experi- 
ence shows  that  an  error  greater  than  0'°.03  is  impossible.  A  similar  error  may  arise 
in  placing  the  rear  end  of  the  rear  tube  over  the  mark  on  the  copper  tack  when  the 
measurement  is  resumed.  Assistant  Engineer  E.  S.  Wheeler  is  of  opinion  that  the 
greatest  error  did  not  exceed  0*°.02. 

There  were  44  references  of  tube  to  ground  or  from  ground  to  tube  ;  and  assuming 
the  ordinary  law  of  error  to  hold,  and  that  the  maximum  error  in  such  references  was 
0*»*.03,  we  have  for  the  probable  error  in  one  reference  J^O'^.OOD,  and  the  probable  error  in 
the  length  of  the  base  arising  from  this  cause,  ±0^".0tj. 

19.  There  is  an  error  ent^iring  into  every  me^isurement  of  one  tube  length,  arising 
from  the  pressure  of  contact  between  consecutivH  tubes.  This  pressure,  when  re<luced  to 
the  lowest  amount  consistent  with  certainly  overcoming  the  friction  of  the  slidiug-roil, 
-was  still  four  ounces. 

Now,  supposing  a  standing  tube  to  be  in  the  right  position;  when  the  next  tube  is 
brought  into  contact  with  it,  the  pressure  between  the  two  forees  back  the  rearer 
standing  tube  by  a  certain  amount,  and,  of  course,  the  front  tube  is  moved  back  in 
contact  by  the  same  amount;  now,  when  the  rear  tube  is  taken  away,  the  front  tube  is 
relieved  from  the  pressure  of  contact,  and  moves  to  the  rear  by  the  same  anioutit,  and 
is  then  the  standing  tube,  but  is  a  distance  in  rear  of  the  position  it  would  have  ha<l 
if  the  contact-pressure  had  been  zero,  by  twice  the  disturbance  produced  by  the  coti- 
tact -pressure.  The  amount  of  this  disturbance  will  vary  with  the  precision  with 
which  tlio  movable  parts  of  the  trestles  fit  each  other,  and  with  the  height  to  which 
the  tube  is  raised  by  the  vertical  motion  of  the  trestles.    From  nearly  a  bundled 


Digitized  by  LjOOQ  IC 


452 


REPORT    OF   THE    CHIEF    OF    ENGINEERS. 


determiuatioDS  of  the  amount  of  diaplacemcDt,  made  by  Assistant  Engineer  E.  S.Wheeler 
and  Assistant  Engineer  Burton  in  1872  and  1673,  the  following  mean  values  have  beeo 
obtained  for  disturbance  by  pressure  of  contact,  that  pressure  being  about  four  ounces: 
the  trestle  being  either  run  up  to  its  full  height,  or  run  clear  down ; 
Trestle  up,  0»°.00034  j  trestle  down,  O'J^.OOOIS. 

During  the  renieasurement  of  the  Keweenaw  base,  the  trestles  were  kept  as  low  ad  pos- 
sible, the  average  beinc  estimated  at  one-tifth  their  total  range,  and  hence  giving 
O^n.00017  as  the  average  displacement.  Doubling  and  multiplying  by  1932,  the  number 
of  tubes  less  one,  there  results  a  correction  to  the  length  of  the  base"  of  — U'".657. 

Taking  into  consideration  the  varying  conditions,  as  cleanness  of  the  movable  parts 
of  the  trestles,  firmness  of  ground  support,  and  the  difficulty  of  measuring  with  pre- 
cision movements  so  small  as  0'".00017,  its  probable  error  may  easily  be  U*".00003  or 
0'".00004.  Taking  the  latter,  we  have  for  the  correction  to  the  measurement  of  the 
base--0'«.r)o7iO»M09. 

20.  The  change  in  length  of  tube  2  between  the  middle  base  and  north  base  has 
already  been  referred  to. 

In  the  computation  of  the  length  of  the  base,  it  has  been  assumed  that  this  tube 
changed  length  uniformly  from  September  11  to  the  end  of  the  measurement  of  the 
base,  which  gives  the  same  result  as  the  assumption  that  the  change  was  instanlaneous 
midway  between  these  points. 

The  maximum  error  in  this  assumption  would  exist  if  the  change  in  length  had  been 
instantaneous,  and  on  September  11,  or  just  after  the  close  of  the  measurement,  and 
would  amount  to  490  X  0^".00129  or  0*".G32.  In  view  of  the  uncertainty  as  to  whether 
the  change  was  instantaneous,  and,  if  so,  at  what  time  it  occurred,  it  is  deemed  best 
to  assume  that  the  probable  error  in  the  length  of  the  base  from  this  cause  is  one- 
fourth  the  maximum  error  possible,  namely,  ±  0*'*.158. 

21.  The  chief  sources  of  error  in  the  determination  of  the  working  lengths  of  the 
tubes  by  comparisons  with  the  standard  bar,  whose  length  is  supposed  known ,  and  in 
the  actual  measurement  of  the  base,  have  now  been  considered. 

The  probable  errors  iti  the  length  of  the  base  resulting  from  the  various  causes  are 
as  follows: 

J  14.  From  probable  error  in  length  of  Tube  1 :  967  X  0^^  00034 :  0»n.329 

$  15.  From  probable  error  in  length  of  Tube  2 :  966  X  0'"».00037 0^^357 

$  17.  From  probable  error  in  inclinations 0*°.103 

$  18.  From  probable  error  in  reference  to  and  from  ground 0*^.059 

$  19.  From  probable  error  in  contact-displacement 0»».109 

$  20.  From  probable  error  in  change  of  length  of  Tube  2 O^n.loS 

Taking  the  square  root  of  the  sum  of  the  squares  of  these  quantities,  we  have  for  the 
probable  error  in  the  length  of  the  base  arising  from  these  causes  ±  0^.535,  or  tfsAoT 
part  of  the  ba.se. 

The  length  of  the  ba«e  reduced  to  the  sea-level  and  uncorrected  for  the  displacement 
of  contact,  as  computed,  is  347,906.*28  British  inches. 

Applying  the  correction— 0'".657  for  displacement  by  contact,  ($  19,)  and  — -O^'^.OSS  for 
deviation  from  alignment,  ($16,)  this  becomes  347,905S«.60-tO**».535. 

22.  To  obtciin  an  actual  test  of  the  precision  with  which  a  measurement  could  be 
repeated,  the  first  94  tubes,  or  1,410  feet,  were  remeasured  four  times  before  and  three 
times  after  the  measurement  of  the  base. 

The  following  table  gives  the  results  : 


Measui-e. 

Tempcratnre. 

Weather. 

Lengtli. 

Max. 

MiD. 

0 

67 
67 
63 
ri4 

Mean. 

First       

o 
82 
71 
82 
66 

o 

73.9 
69.6 
72.9 
6La 
49.3 
60.8 
63.0 

Rather  cloady 

Clear  

m. 
16,913.593 
.554 

Third  

Mostly  clear 

Cloudy 

.500 

Fonrth                       

.509 

Fifth 

58  •          39 
71  i          40 
66            54 

Clear. 

.506 

Sivth 

....do 

.569 

St-veiith 

....do 

.636 

Mean 

16. 913. 557 
.541 

Alt' ail  fii'Bt  lour 

1 

,577 

1 

Deducing  the  probable  error  of  a  single  result,  it  is  found  0^.032,  or  TWmnr* 

It  will  be  noticed  that  in  these  measurements  the  mean  temperature  varied  from 


Digitized  by  LjOOQ  IC 


REPORT  OF  THE  CHIEF  OF  ENGINEERS.         453 

49°.3  to  73°.9;  that  the  range  of  temperature  during  a  measurement  varied  from  4^  to 
31^,  and  the  weather  from  steady  clear  to  entirely  cloudy. 

These  extreme  variations  in  mean  temperature  and  daily  ranges  should  develop  in 
the  fullest  degree  any  errors  arising  from  the  expansions  of  the  tubes,  or  in  the  value 
adopted  for  change  of  the  working-length  of  Tube  2 ;  and  as  these  extreme  variations 
doubtless  give  more  discrepant  results  than  the  ordinary  variations  during  measure- 
ment, it  may  be  expected  that  the  probable  error  deduced  for  one  measurement  of  the  . 
94  tubes,  77ofinnri  ^  larger  than  actually  existed  in  the  main  measurement  arising  from 
the  same  causes.  There  are  some  errors  which  would  not  reveal  themselves  in  these 
measurementB  of  94  tubes : 

First,  the  displacement  by  contact,  which  would  remain  the  same  in  all  of  them. 

Secondly,  a  constant  error  in  the  working  length  of  the  tubes  used  in  the  computation. 

Taking  the  values  adopted  for  these  errors  in  $$  14, 15, 19,  we  have  for  the  errors  from 
the  two  causes,  introduced  into  the  measurement  of  94  tubes,  J^O".  004,  j[;G»".0l6,  and 
±0»».0.20, 

\/(0«^03^)^  +  (Ui°.U04)-V(0*'^UIC))^  +  (Oi».0-:^oy  =  0«o  041  ' 

is  therefore  the  probable  error  of  one  of  these  measurements  of  94  tubes,  or  *t rfo. tij  part 
of  its  length; 

Rememberiug  that  while  for  some  of  the  errors  the  eifect  increases  with  thie  length 
measured,  for  others  it  increases  only  as  the  square  root  of  the  length  ;  and  remember- 
ing also  that  the  probable  error  0'°.  032  derived  from  measurements  made  under  ex- 
treme variations  of  temperature,  is  undoubtedly  larger  than  for  measurements  under 
ordinary  conditions,  it  does  not  seem  that  the  accuracy  deduced  in  $  21,  for  the  actual 
measurement,  namely,  ^jdVo^i  i»  too  large. 

But  to  include  the  eifect  of  any  errors  not  considered  in  deducing  that  value,  and  to 
underestimate  rather  than  overestimate  the  accuracy  of  the  measurement,  the  value 
yWffTJU  will  be  adopted. 

The  length  of  the  Keweenaw  base  reduced  to  the  sea-level  is  then  347905.60 -}- 0.696 
British  inches,  provided  the  standard  15-feet  bar  has  the  length  179>°.  95752  when 
packed  in  melting  ice. 

A  slight  correction  to  this  length,  and  hence  to  the  base,  as  well  as  in  consequence  to 
its  probable  error,  will  be  applied  when  a  final  value  for  standard  bar  is  adopted. 

23.  A  check,  though  not  a  very  precise  one,  was  obtained  by  erecting  a  station  at 
middle  base,  and  reading  the  angles  of  the  two  trianglos  into  which  the  main  triangle, 
North  Base — South  Bas^--Qnaquaming,  was  thus  split.  Unfortunately,  as  these  small 
triangles  did  not  form  a  part  of  the  main  triangulation,  fewer  readings  of  their  angles 
were  made,  and  the  angles  were  not  thoroughly  determined.  There  was  no  quadrilat- 
eral. 

On  computing  with  these  angles  the  south  half  of  the  base  from  the  measured 
north  half,  the  result  was  176584'".  31,  which  is  2'".  08  shorter  than  the  measured  length. 
This  discrepancy  would  be  accounted  for  by  supposing  an  error  of  l".  3  in  the  angle' 
opposite  the  north  half  of  the  base. 

The  data  used  in  this  paper  will  be  found  in  office-reports  Nos.  255  and  282. 

0.  B.  0. 


AppKxmx  F.— Examination  into  thk  accuracy  of  the  sckew  oi-  the  wukdemanm 

COMP-iRATOll. 

Report  of  Lieut.  D,  W,  Lochcood,  Corps  of  Engineer's. 

United  States  Lake  Survey  Steamer  Ada, 

July  8,  1874. 
Major  :  I  have  the  honor  to  make  the  following  report  with  regard  to  the  value 
deterDiiued  for  one  turn  of  the  uiicrometer-screw  of  the  Wiirdemann  comparator,  used 
in  connection  with  the  base  line  tubes  of  the  Lake  Survey,  and  also  with  regard  to  the 
constants  to  be  used  in  correcting  the  readings  of  the  micrometer-head  for  periodic 
errors  of  the  screw. 

The  method  adopted  in  determining  the  first  set  of  values  was  as  follows: 
The  comparator  was  firmly  mounted  on  a  stone  post  in  the  basement  of  the  Lake 
Survey  building,  and  carefully  leveled.  A  silver  inch-scale,  divided  to  tenths,  the 
values  of  which  had  previously  been  determiued  by  Mr.  Hilgard,  of  the  Coast  Survey, 
was  then  laid  upon  the  slide  carrying  the  pointer  of  the  comparator-scale,  and  adjusted 
so  that  the  line  of  the  graduated  edge  of  the  scale  should  move  parallel  to  the  line  of 
niicroraeter-niotion.  A  reading- microscope,  from  the  Repsold  theodolite  in  the  office,  was 
adjusted  over  the  silver  inch-scale,  and  the  tenths  of  the  comparator-scale  compared  with 
Che  different  tenths  of^he  silver  inch.    The  latter  is  graduated  on  both  sides;  the  lines 
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on  one  side  being  mnch  heavier  than  those  on  the  other.  The  coarse  side  only  was  nsed, 
as  some  of  the  lines  have  entirely  disappeared  on  the  fine  side,  while  nearly  all  of  them 
were  found  to  be  imperfect  in  some  part  of  their  length.  The  scale  is  somewhat  bev- 
eled^ or  rounded  on  the  graduated  edge,  and  it  was  also  found  that  some  of  the  lines 
were  not  x>erpendicular  to  it.  In  consequence  of  these  facts,  only  those  tenths  were 
used  in  making  comparisons  which  were  marked  by  the  best  lines.  The  out  0.6  was 
found  to  be  0.00272  of  an  inch  in  width,  taking  the  least  reading  of  the  comparator- 
micrometer  to  be  0.00001  of  an  inch,  from  which  it  does  not  vary  sufficiently  to  be  ap- 
preciable, in  measuring  so  small  a  distance.  Some  of  the  cuts  are  narrower,  and  the 
mean  width  of  all  is  from  0.002  to  0.0025  of  an  inch.  The  apparatus  for  holding  the 
microscope  in  position  over  the  comparator  was  a  wooden  affair ;  the  a4JustmentB  for 
centering  the  microscope  being  effected  with  wooden  wedges.  The  illumination  was  by 
means  of  an  ordinary  bull's-eye  lantern,  held  in  position  by  the  frame  that  supported 
the  microscope. 

At  0.45  on  the  comparator  there  was  required  a  marked  increase  of  force  to  turn  the 
screw,  and  the  slide  carrying  the  pointer  was  twisted  so  as  to  draw  the  edee  of  the 
silver  scale  away  from  the  longitudinal  wire  of  the  microscope  and  toward  the  com- 
parator-scale. This  would  seem  to  indicate  an  unequal  degree  of  compression  in  the 
spiral  springs  which  press  against  the  slide.  On  taking  the  instrument  apart,  it  was 
found  tnat  the  spring  on  the  side  opposite  to  the  comparator-scale  was  coiled  much 
closer  than  the  other,  and  became  compressed  fully  at  about  0.45.  No  observations  are 
therefore  adopted  that  extend  beyond  the  0.4-inch  mark  on  the  comparator-acale. 
Twenty  measurements  were  taken  for  each  set  of  comparisons. 

The  following  are  the  results  obtained,  the  first  column  showing  the  space  on  the 
silver  scale,  the  second  column  showing  the  space  on  the  comparator-scale,  and  the 
third  the  result  obtained  by  dividing  the  value  of  the  space  in  the  first  column,  ex- 
pressed in  terms  of  the  United  States  inch  as  given  by  Mr.JHilgard,  by  the  microraecer- 
value  obtained  of  observation : 


Silver  scale. 

Coniparator- 

Yaloeof  0.1  of 
comparator- 
scale. 

1 

0. 1003673 

0. 0  to  0. 1 

:o    :{ 
:o    :{ 

.1         '.SI 
.4    .5 
.4    .5 

0. 0  to  0. 0 
.1    .2 
.1    .2 
.1    .2 
.2    .3 
.2    .3 
.15   .25 
.25   .35 
.3    .4 
.2    .3 
.1    .2 
.2    .3 

0. 1004848 
.  1003738  ) 
.  1003909  > 
.  1004227  ) 
.1004111) 
.  1004131 5 
.  1004121 
.1004096 
.1003824 
.  1003649 
.  1003346  \ 
.  1003346  5 

0.1003956] 

.1004121  . 

.  1004121 
.1004096 
.1003824 
.  1003491 

.1003346 

0. 1004024 

.  1003491 
.  1003346 

It  will  be  seen  from  the  above  table  that,  taking  the  values  for  the  different  tentbs^ 
on  the  comparator-scale,  as  determined  by  comparison  with  the  same  tenth  on  the 
silver  scale,  the  range  is  quite  small,  while  decidedly  the  reverse  obtains  when  dififerent 
tenths  of  the  silver  scale  are  used.  From  this  it  would  appear  that  either  the  values 
given  for  the  different  tenths  on  the  silver  scale  are  not  correct,  or  that  the  pointings 
were  not  made  to  the  same  parts  of  the  cuts  when  the  comparisons  were  made  as  when 
the  values  of  the  tenths  were  determined. 

The  value  of  space  0.0  to  0.1  on  the  comparator  is  thrown  out  because  the  compres- 
sion-springs acting  on  the  slide  that  carries  the  pointer  of  the  scale  are,  between  those 
two  points,  so  slack  as  to  exert  but  little  or  no  force.  The  comparator  should  be  used 
to  measure  distances  only  between  the  O.l  and  0.4  cuts. 

The  following  table  shows  the  values  of  the  different  tenths  of  the  silver  inch 
(coarse  side)  as  furnished  by  Mr.  Hilgard,  United  States  Coast  Survey  : 


1  U.  S.  inch,  i 

1        ! 

U.  S.  inch. 

0.0  to  0.1 
.1   .2 
.2   .3 
.3   .4 
.4   .5 

0.10001  1 
.10066 
.10001  i 
.09961 
,10028 

0.5  to  0.6 
.6   .7 
.7   .8 
.«   .9 
.9   .10 

a09998 
.09986 
.10026 
.10023 
.09969 
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The  value  of  one  turn  of  tbe  comparator-micrometer  is  0.02  of  the  comparator-inch ; 
its  bead  is  divided  into  200  parts,  which  are  read  to  tenths  by  inspection,  making  tbe 
least  reading  0.00001  of  tbe  comparator-inch. 

PERIODIC  BRROR  OF  SCREW. 

Determinations  with  a  micrometer-screw  presuppose  not  only  tbe  knowledge  of  tbe 
value  of  one  turn,  but  also  that  the  motion  of  tbe  screw  shall  be  proportioned  to  tbe 
divisions  on  its  bead,  a  condition,  of  course,  that  is  never  precisely  fulfilled,  and  there 
is  in  consequence  a  small  correction  to  be  applied  to  each  reading  on  the  bead,  wbicb 
may  be  taken  as  of  the  form — 

ai  cos  u  -|-  di  sin  u  -f  a^  cos  2  u  -f  frs  sin  2  tt 

where,  for  several  consecutive  turns,  fli,  Ji,  a^,  &8,may  be  considered  as  very  nearly  con- 
stant. 

If  in  measuring  a  distance,/,  we  obtain  the  readings  a,  u',  we  have— 

f=z{u'  —  «)  +  «!  (costt'  —  co8t«)-f  6i(sintt'  — 8inu)-f  a2(co8  2tt'  —  co82m)  ^^v 

-fft2(8in2ti'  — sin2«)  ^^^ 

while  a  nearly  correct  value  of /can  be  found  by  measuring/  starting  from  different 
parts  of  the  screw,  viz,  beginning  at  0.0,  O.l,  0.2,  0.3, . . .,  0.9,  turns  of  tbe  screw  in  suc- 
cession, and  taking  tbe  means  of  the  values  of /thus  determined.  ^ 
This  value  of  /  will  differ  so  little  from  u'  —  u  that  in  tbe  factors  of  tbe  small  quan- 
tities ai,  6|,  ou,  6.2,  we  may  replace  u'  by  k  -{-/,  and  eq.  (1)  becomes— 

(tt'-tt-/)  =  2ai8iu^  sin^M-f-^  J-26i8in^co8  Tie -|-/ j-f  2 a, sin/sin (2 tt-f/) 

—  2  fta  sin/cos  (2  u  -f /) 

/ 
by  substituting  for  sin /coi^/ their  equivalents  in  terms  of  functions  of  ~ 

If  we  write  out  this  equation  for  all  ten  measurements,  treat  the  resulting  eqnations 
as  equations  of  condition  by  the  method  of  least  squares,  Oi,  &i,  aj,  &3,  being  tbe  unknowns, 
and  remember  what  the  values  of  sums  of  sines,  cosines,  and  their  products,  when  the 
angles  are  uniformly  distributed  through  3G0^,  become,  we  shall  have  tbe  following 
normal  eqnations : 

f 
10  fli  sin  •-=  2  {nf—u—f)  sin 


("^0 

10  6,  sin  ^=  2  (it'— tt— /)  cos  r^  u 4-  2   J 

10  fla  sin/=  2  («'— m— /)  sin  (2  w  4-  /) 
10  &2  8in/=  2  («'— tt— /)  cos  (2  m  -i-/) 

fronri  which  tbe  values  of  ai,  6|,  <i2,  ^e,  can  be  found. 

The  above  is  the  method  adopt-e<l  by  Bessel  in  determining  tbe  value  of  the  heli- 
omoter-screw  at  Konigsberg,  and  given  in  his  "  Astronomische  Untersochungen."  He 
took  once  a  distance  of  about  one-half  of  a  turn  of  the  screw,  and  once  a  distance  of 
al>out  one-fourth  of  a  turn,  and  measured  each  distance  100  times,  beginning,  each  time, 
0.1  of  a  turn  farther  ahead  on  the  screws. 

It  will  be  observed  that/=  1H0°  makes  10  a^  and  \Ol<i=co,  unless— 

2  (»('— M— /)  sin  (2  tt  +/) 
and — 

2  (u'— M— /)  cos  (2  tt  -f /) 

beconae  equal  to  0.    In  consequence  of  this,  in  taking  a  distance  equal  to  about  one-half 
turn,  its  value  should  be  such  as  to  make  the  value  of  sin /an  appreciable  quantity. 

In  determining  tbe  values  of  a„  6i,  a-,  62,  for  tbe  micrometer-screw  of  tbe  WUrdemann 
comparator,  tbe  same  conditious  with  regard  to  arrangement  of  microscope  and  adjust- 
ment of  comparator  were  observed  as  in  determining  tbe  value  of  udo  turn.  A  glass 
scale  divided  to  about  the  tt^tt  of  an  inch  was  laid  on  the  elide,  and  a  distance  ol 
about  one-half  turn  having  been  selected,  this  distance  was  measured  2.5  times,  start- 
ing from  each  origin.    The  point  on  the  screw  selected  as  the  initial  point  was  0.14. 
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A  distance  of  about  one-fourth  turn  was  then  taken,  and  measurements  made  of  it  in 
the  same  manner. 
The  following  are  the  results  obtained  : 


About  ^  tuni : 

0.50290 
.50170 
.50074 
.4991^4 
.49898 
.49940 
.49974 
.50014 

About  i  turn 

0.24924 
.24d82 
.248(i6 
.245:« 
.24498 
.24510 
.24688 
.24850 

.502:^ 

• 

.24946 

.50414 

.24988 

Mean, 

0.500944  (or/= 

180°  20 

'  2:V' 

.4)            Mean 

0.247788  ( 

First  set 

gives 

'-       .001045    } 
:  -  .0004141  5 

iturn. 

Second  set  gives  Oi  = 

.      .0006837 ) 

W^ 

:  — .0016839", 

ai'= 

-.0001752  r^'"""* 

t,=      .00031.37  J 
a  mean  of  which  gives — 

ai  =  0.00086643,  6i  =  —  0.001049  ffj  =  —  0.0001752,  &«  =  .0003137 
and  the  corrected  valae  of  any  reading  u  will  be— 
«'  =  tt  4-  0.000864  cos  ic  -  0.001049  sin  u  —  0.0001752  cos  2  u  —  0.0003137  sin  2  ac 

The  values  of  (h  and  62  as  determined  by  the  first  set  were  thrown  out,  the  factor 
sin/  being  so  small.  In  the  above  expression  u  is  the  readiuff  as  given  on  the  microme- 
ter-head, from  which  the  an^le  m  is  readily  obtained,  while  th6  constants  are  expressed 
in  terms  of  one  turn  as  a  unit,  the  approximate  value  of  which  is  about  0.02  of  an  inch, 
(comparator.) 

In  the  foregoing  discussion,  by  an  inch  is  meant  the  United  States  standard  inch, 
unless  otherwise  expressed. 

The  observations  from  which  the  foregoing  results  are  obtained  were  taken  at 
various  times  from  January  22  to  May  2,  1873. 

Respectfully  submitted. 

D.   W.    LOCKWOOD, 

First  Lieutenant  of  Engineers, 
Maj.  C.  B.  C0M8TOCK, 

Coi-pa  of  Jiinginetrn,  U.  S.  A. 


Appendix  G.— Results  of  tests  of  tiiermomktbrs. 

Bqx>rt  of  Mr,  T,  RusseJ^  Assistant  Engineer, 

Office  United  States  Lake-Scrvky, 

Detroit,  Mich,,  January  22,  1874. 

General:  I  have  the  honor  to  submit  the  following  report  concerning  the  determi- 
nation of  boiling  and  freezing  points  of  standard  thermometers,  aud  the  comparisons  of 
standard  Trou^hton  and  Simms  No.  230  with  various  other  thermometers. 

The  scale  of  standard  Troughton  and  Simms  No.  230  is  graduated  on  the  glass  tube 
through  which  the  column  of  mercury  rises.  The  tube  is  cylindrical,  and  on  the  sidt^ 
directly  opposite  the  graduation  there  extends  throughout  its  entire  length  a  strip  of 
white-colored  glass,  so  that  in  reading,  the  column  of  mercury  and  graduation  are  pro- 
jected on  a  white  background.  This  standard  has  no  attachments  of  metal  or  any 
other  material.  Its  length  is  16.4  inches  and  its  diameter  0.3  of  an  inch.  The  bulb  ik 
elongated,  the  greatest  diameter  being  0.85  of  an  inch  aud  its  least  0.20  of  an  inch.  It 
is  graduated  to  whole  degrees  Fahrenheit  from  -^20^^  to  ;4-220^.  The  length  of  a  degn»e 
is  0.067  of  an  inch.  When  not  in  use,  the  thermometer  is  iuclosed  in  a  black  lacqaered 
brass  case  lined  with  soft  rubber. 
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This  standard  was  tested  at  Kew  observatory,  and  the  following  system  of  correc- 
tions found  for  thermometer  vertical : 


Jan  LAKY,  1872. 
Standard  Troughtoii  and  Simnis  No.  230. 


Temperature. 

Correction, 

o 

c 

32 

0.0 

42 

0.0 

52 

—0.1 

H2 

0.0 

72 

+0.1 

&> 

+0.2 

92 

+  0.3 

212 

+0.1 

-  -         _   _  _  _ 

The  al)ove  corrections  are  to  be  applied  to  the  scale-reading  of  the  thermometer. 
The  freezing  point  of  standard  No.  230  was  tested  August  18, 19,  and  September  11, 1873. 
The  boiling  point  was  tested  October  15,  16,  21,  and  22,  1873.  The  boiling  point  was 
again  tested  November  17  and  18,  1873,  each  determination  of  boiling  point  being  fol- 
lowed by  a  determination  of  freezing  point.  The  freezing  point  was  again  tested  De- 
cember 19  and  20, 1873,  and  January  6,  1874. 

For  the  purpose  of  testing  the  freezing  i>oint,  a  box  was  filled  with  pounded  ice,  the 
coarse  pieces  being  at  the  bottom,  the  finer  material  toward  the  top,  and  especially  in 
the  position  to  be  occupied  by  the  thermometer-bulb.  In  the  bottom  of  the  box  were  a 
number  of  boles,  which  provided  an  escape  for  the  melted  ice.  On  opposite  sides  of 
the  box  strips  were  nailed,  extending  fourteen  inches  above  the  top,  and  supporting  a 
cross-piece,  from  which  the  thermometer  was  susjiended.  The  thermometer-tube  was 
made  vertical  by  aligning  with  a  plumb-line,  securing  it  in  this  position,  and  then  pack- 
ing the  ice  around  tne  bulb  and  tube,  allowing  only  so  much  of  the  mercurial  column 
to  project  as  to  admit  of  its  being  read. 

The  reading  of  the  thermometer  was  made  with  a  telescope  of  short  focus,  so  arranged 
that  the  line  of  sight  was  horizontal.  In  reading,  the  telescope  was  at  a  distance  of 
two  and  one-half  feet  from  the  thermometer.  The  maguifying-power  at  this  distance 
was  35.    In  the  following  results,  the  fractional  part  or  the  degree  was  estimated. 

Determination  of  freezing  point, — Standard^  Troughton  and  Simms  No.  230. 


Date,  1873. 

Reading  of 
No.  230. 

Correction  to 
No.  230. 

Aug.  18.... 
Aug.  19.... 
Sept.  11.... 

Mean 

32. 15 
32. 15 
32. 17 

~0. 15 
—0.15 
-0.17 

—0.16 

The  apparatus  for  testing  the  boiling  point  was  constructed  on  the  principle  of  that 
used  for  the  same  purpose  by  the  celebrated  French  physicist  Rognault.  Its  hcnght  was 
such  that  when  the  reservoir  was  full  of  water  at  a  temperature  of  212^  Fahrenheit, 
the  bulb  was  1.5  inches  above  the  surface,  enough  of  the  tube  projecting  at  the  top  to 
show  graduation  209^.  On  account  of  only  such  a  small  portion  of  the  tube  proiecting 
from  tne  vessel,  it  was  impossible  to  adjust  the  thermometer- tube  perpendicularly  with 
all  the  accuracy  desirable.  Errors,  arising  from  a  deviation  of  the  tube  from  the  per- 
pendicular, on  account  of  parallax,  there  being  a  considerable  distance  between  the 
mercurial  column  and  graduation,  are  probably  eliminated  in  taking  the  mean  of  sev-> 
eral  observations. 
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Lake-Sarvey  standard  barometer  1274,  James  Green,  was  nsed  for  determining  the 
atmospheric  pressnre.  The  barometer  was  snspended  in  a  room  adjoining  the  one  where 
the  thermometer  was  being  tested.  The  level  of  the  mercury  in  the  cistern  was  within 
a  few  inches  of  the  same  level  as  that  of  the  water  in  the  boiling  apparatns.  The  in- 
strument was  fixed  in  a  vertical  position  and  secured,  so  that  in  adjusting  the  level  of 
the  mercury  in  the  cistern  the  instrument  was  steady*. 

In  the  room  where  the  barometer  was  suspended,  there  was  found  to  be  considerable 
variation  in  the  temperature  of  the  air  at  diflerent  heights  above  the  floor.  On  this  ac- 
count, two  additional  thermometers  were  used,  one  a  foot  above  and  the  other  a  foot 
below  the  attached  thermometer ;  but  in  the  reduction  for  temperature  the  attached 
thermometer  was  given  double  weight.  The  correction  to  these  two  additional  ther- 
mometers to  reduce  to  tnie  temperature  was  found  to  be  — 0.2  of  a  degree  at  62^  Fah- 
renheit. Tbe  corrections  to  be  applied  to  the  various  observations  of  barometer,  to  re- 
duce to  32^  Fahrenheit,  were  taken  from  Gnyot's  "  Tables  mHirolof/icales  ei  phyticalee," 
In  James  Greenes  barometers,  allowance  is  made  for  capillarity  in  setting  the  scales, 
and  there  is  therefore  no  correction  required.  The  Lake  Survey  Report  for  1H61  gives 
a  series  of  comparisons  made  by  W.  C.  Bond  between  Lake-Survey  barometer  1274  and 
standard  barometer,  No.  57  Newmann,  of  Cambridge  observatory.  The  mean  of  the 
results  of  these  comparisons  gives  a  correction  of  —  0.006  of  an  inch  to  be  applied  to  the 
reading  of  barometer  1274  to  reduce  to  tbe  indication  of  standard  No.  57.  Cambridge 
standard  No.  57  had  been  previously  compared  with  £bOyal  Society  standard,  and  there 
was  found  to  be  no  difference  between  them. 

The  correction  to  be  applied  to  barometer  1274  to  reduce  to  true  barometric  height 
is,  therefore,  —  0.006  of  an  inch. 

The  line  212°  on  Fahrenheit  thermometers  represents  the  temperature  of  st-eam 
under  a  standard  atmospheric  pressnre,  or  a  barometric  reading  in  the  latitude  of  45^ 
at  sea-level  of  0.760  of  a  meter  aft«r  correction  to  32°  Fahrenheit.  This  pressure  in 
any  other  latitude,  X,  w^ill  be  represented  by  a  column  of  mercury  whose  height  is — 

0'".760  y^-avifry  at  45° 
gravity  at  ?. 

or,  adopting  the  length  of  the  meter  as  39.3704  English  inches,  this  pressure  in  the  lat- 
itude of  Detroit,  a =42°  20',  will  be  represented  by  a  column  of  mercury  whose  height 
is— 

29«n.  9215  [1  -+•  0.002625  cos  2  (42°  20')]  =29in  .9238 

This  supposes  the  barometer  to  be  at  the  level  of  the  sea.  The  observing  room  at 
Detroit  being  at  an  altitude  of  600  feet  above  the  level  of  the  6ea,  the  change  in  the 
intensity  of  the  force  of  gravity  for  this  elevation  would  cause  the  barometer  to  read 
0.0017  of  an  inch  greater  than  at  the  level  of  the  sea. 

The  attraction  of  the  matter  between  the  level  of  the  sea  and  the  place  of  observation 
would  also  cause  a  sensible  difference  iu  the  height  of  the  barometer. 

The  attraction  of  a  cone  for  a  particle  situated  at  its  vertex  is  given  by  the  ex- 
pression— 

A=2:r  A(5(l  — cos>) 

where  A  is  the  attraction  of  a  cone,  6  its  density,  h  its  altitude,  and2  y  its  vertical  angle. 
Representing  by  G  the  force  of  gravity  at  the  level  of  tbe  sea,  and  supposing  the 
cone  to  be  half  the  mean  density  of  the  earth,  we  have,  since  the  attraction  of  a  sphere 
for  a  particle  situated  on  its  surface  is  equal  to  |  x  R  times  its  density,  R  being  the 
radius — 

G  =  f  TT  R  fJ 

so  that  the  entire  amount  by  which  the  foreeof  gravity  is  affected  by  the  attraction  of  a 
cone  is— 

A=j^(i_eo8,) 

Detroit  being  situated  on  an  elevated  plane,  the  vertical  angle  of  the  cone,  2 } ,  may  l«e 
considered  as  180°,  and  the  above  expression  becomes — 

A  =  f  ^_=  0.00002 
G  R 

This  causes  the  barometer  to  read  0.0006  of  an  inch  less. 

The  sum  of  these  corrections  gives,  to  reduce  barometer  to  latitude  45°  to  sea-level 
and  allowance  for  matter  between  barometer  and  sea-level,  the  quantity  — O.OO^J  of  an 
inch. 
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la  the  determiDations  of  boilinfi^  point,  made  November  17  and  18,  distilled  water  was 
nsed.    In  those  made  in  October,  the  water  was  obtained  by  melting  ice. 

In  the  determinations  of  boiling  point,  made  in  October,  the  reading  of  the  ther- 
mometer was  effected  by  means  of  a  telescope  of  short  focas,  the  fractional  part  of  the 
degree  being  estimated. 

Determination  of  hoiling  point  of  standard  Trovghton  and  Simms  Xo.  230. 


Date. 

Il 
§ 

1- 

111 

h 

M 

•=5 

r- 
j_ 

o 
211.55 
211.49 
211.48 
211.30 
911.25 
211. 15 
209.77 
209.80 
910.  76 
910.  75 

1 

1873. 
October  15 

h.m. 

0  40 
3  15 
3  40 

10  35 

11  38 

1  12 

10  50 

11  38 

11  15 

12  10 

in. 
29.847 
29.833 
29.802 
29.650 
29.628 
29.598 
28.733 
2a  742 
29.280 
29.284 

o 
74.4 
90.2 
77.7 
69.3 
70.8 
71.9 
49.2 
50.7 
59.8 
59.6 

in. 
29.725 
29.669 
29.671 
29.542 
29.516 
29.483 
8R679 
28.685 
29.906 
29.209 

in. 
29.711 
29.655 
29.657 
29.528 
29.502 
29.469 
2a  665 
28.671 
29.192 
29.188 

0 

211.65 
211.55 
211.56 
211. 34 
211.29 
211.24 
909.85 
909.86 
210. 76 
210. 75 

o 
+0.10 
.06 

October  J5 

October  15   

.08 

October  16 

.04 

October  16 

.04 

October  16 

.09 

October  21 

.08 

October  21 

.06 

October  28 

.00 

October  22 

-fO.OO 

Mean 

-f0.06 

In  the  determinations  of  boiling  and  freezing;:  points,  made  November  17  and  IH,  the  ^ 
readings  of  the  thermometer  were  made  with  WUrdemaun  theodolite  No.  6H,  provided 
with  a  micrometer,  by  means  of  which  the  fractional  part  of  a  degree  was  ascertained 
to  at  least  0.01.  In  reading,  the  iustrnment  was  at  a  distance  of  five  feet  from  the 
thermometer,  and  so  arranged  that  the  line  of  sight  of  the  telescope  was  nearly  in  the 
same  horizontal  plane  as  the  top  of  the  column  of  mercnry.  In  testing  the  boiling 
point,  the  water  was  allowed  to  boil  about  twenty  mi  nates  before  any  readings  were 
made.  The  process  of  observation  was  first  to  read  the  barometer  and  attached 
thermometers;  next  to  ascertain  the  indication  of  the  manometer  attached  to  the 
vessel,  and  which  denoted  the  excess  of  pressure  within  over  that  outside.  The  mi- 
crometer was  then  read  at  the  graduation  below  the  top  of  the  column  of  mercury, 
at  the  top  of  the  column,  and  at  the  graduation  immediately  above  the  top  of  the  column. 
Five  micrometer  measurements  were  usually  made,  the  time  being  noted  at  the  first 
and  the  last.  Afler  the  fifth  micrometer  measurement,  the  manometer  was  again  ob- 
served, and  another  reading  of  barometer  made.  Every  time  the  thermometer  was 
raise<l  to  the  boiling-point,  three  sets  of  observations  were  made,  each  consisting  of 
five  micrometer  measurements,  and  each  set  preceded  and  followed  by  an  observation 
of  the  barometer  and  the  manometer.  The  average  length  of  time  required  in  making 
five  micrometer  measurements  was  four  minutes.  In  only  a  few  instances  the  mano- 
meter indicated  a  pressure  inside  the  vessel  greater  than  the  pressure  outside.  Proper 
allowance  was  made  for  this  in  the  reduction.  The  amount  of  pressure,  when  there 
was  any  excess,  was  usually  equivalent  to  about  0.005  of  an  inch  of  barometric  press 
are,  which  corresponds  to  0.01  of  a  degree  in  the  boiling  point. 
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Determination  of  boiling  point  of  standard  Troughton  and  Simms  No.  230. 


Date. 


November  17. , 
Noveoiberl?.. 
November  17.. 

November  17. , 
November  17.. 
November  17., 

November  18.. 
l^ovember  18. 
November  18.. 

November  18.. 
November  lb. 
November  18. , 

November  18.. 
November  18. . 
November  18.. 


1873. 


Mean  . 


o  o 

9 

a 


h.  m. 
10  05 
10  16 
10  33 

18  45 

12  52 
1  00 

10  19 
10  28 

10  33 

11  44 
11  51 
11  57 

1  32 

1  40 

1  48 


%n. 
88.849 
.851 
.R52 

.844 
.843 
.845 

.773 
.775 
.776 

.778 
.777 

.778 

.780 

.785 
.790 


54.3 
54.7 
55.0 

61.8 
61.7 
62.3 

55.8 
56.5 
56.6 

58.1 
57.9 
57.8 

57.0 
57  8 
58.9 


in. 
28.782 
.783 
.783 

.757 
.758 

.701 
.702 
.704 

.702 
.702 
.703 

.706 
.710 
.711 


s 


in. 
28.768 


.751 
.7J)0 
.751 

.687 
.688 
.690 

.688 
.695 


.696 
.697 


.a 

bo 

.9 


210.03 
.03 


210.00 
.00 
.00 


.89 
.90 

209.89 
.91 
.91 

209.91 
.91 
.91 


19.93 
.9! 


209.90 
.90 
.91 

.87 
.85 

.88 


.83 


+0.10 
.18 
.11 

.10 
.10 


.03 
.04 
.08 

.06 
.09 
.00 

.06 

.05 
+0.05 


+0.07 


Determination  of  freezing  point  of  standard  Troughton  and  Simms  Xo,  230. 


Date. 

Time  of  ob- 
aervfttion. 

Seadins. 

Correction. 

18TJ. 
November  17 

h.  m. 
11  02 
11  10 
11  17 

200 
2  30 

o 
31.91 
31.92 
31.98 

32.00 
.00 
.00 

32.00 
.00 
.00 

32.00 
.00 
.00 

32.00 
.00 
.00 

o 
4  0.09 

November  17 

+  .08 

November  17 

+  .08 
.00 

November  17 

November  17 

.00 

November  17 

.00 

NovMnber  18 

11  10 

.00 

November  18 

.00 

November  18 

.00 

November  18 

12  35 

.04 

November  18 

.00 

November  18 , 

.00 

November  18 

230 

.00 

November  18 .... 

.00 

November  18 • 

,        +0.00 

Mean 

+0.08 

la  tbe  corrections  found  at  Kew  observatory  to  this  standard,  the  correction  at  freez- 
ing point  was  0.0,  and  at  boiling  ]>oint  +  0.1.  The  difference  of  the  corrections  at 
freezing  and  boiling  point,  as  seen  from  tbe  foregoing  resnlt,  is  -f-  0*05. 

The  freezing  point  of  this  standard  was  tested  again  December  19  and  20.  Three 
determinations  were  made  on  each  day.  After  each  determination,  the  thermometer 
was  taken  from  the  ice  and  repacked  before  another  determination  was  made.  On  Jan- 
uary 6,  1874,  the  freezing  point  was  also  tested  ;  four  determinations  were  made,  the 
thermometer  being  repacked  in  different  ice  after  each  determination,  the  same  as  on 
December  19  and  20. 
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Dtttrmination  of  freezing  point  of  standard  Troughton  and  Simms  No,  230. 


Date. 


December  19,  lfi73... 
December  19, 1«73... 
Deceml)erl9,  lt<73... 
December  20, 1873... 
l>ecember  20, 18*3. . . 
December  20.  ls->72... 


1  Timeof  ob- 

Read- 

Correc- 

servatiou. 

ing. 

tion. 

h.    TO. 

o 

o 

10  50 

32.05 

-0.05 

12  06 

.06 

.06 

3  00 

.08 

.08 

2  45 

.O-* 

.OH 

3  20 

.06 

.06 

1            4  OJ 

.05 

-0.05 

Mean  . 


Date. 


January  6, 1H73. 
January  6, 1873. 
January  6,  IH73. 
January  6, 1873. 


Time  of  ob- 

Bead- 

aervation. 

ing. 

h.   TO. 

0 

10  05 

32.07 

10  34 

.06 

11  10 

.07 

11  36 

.07 

Correc- 
tion. 


-0.07 
.06 
.07 

-0.0? 


Mean —0. 07 


The  corrections  to  standard  Troaghton  and  Siinins  No.  230  can  be  found  at  any 
time  by  applying  a  constant  difierence  equal  to  the  correction  at  freezing  point  at  that 
time  to  the  corrections  found  at  Kew  observatory. 

Before  the  boiling  point  of  the  thermometer  was  determined,  the  correction  at  freez- 
ing point  was  —0.16  of  a  degree.  In  all  comparisons  made  between  this  standard  and 
other  thermometers  previous  to  October  15,  the  corrections  to  be  used  are  found  by  ap- 
plying —0.16  of  a  degree  to  the  original  corrections.  In  all  comparisons  made  between 
December  19  and  January  6  the  correction's  to  be  used  are  found  by  applying  — O'^.OT. 

The  boiling  and  freeziug  points  of  standard  Wiirdemann  and  old  standard  Trough- 
ton  and  Simms  have  also  been  determined. 

Both  of  these  standards  are  brass-scale  thermometers.  Standard  WiirdemaTin  has 
two  systems  of  graduation,  Fahrenheit  and  Centigrade.  The  graduation  extends  from 
-20^  to  -f-220o  Fahrenheit.  The  length  of  the  brass  scale  is  18.1  inches.  The  bulb  is 
spherical,  its  diameter  being  about  0.75  of  an  inch.  Old  standard  Troughton  and  Simms 
also  has  two  systems  of  graduation,  Fahrenheit  and  Rdaumur.  The  graduation  extends 
from  —20^  to  -f  220^  Fahrenheit.  The  Fahrenheit  scale  is  graduated  to  half-degrees. 
The  graduation  of  the  half-degrees  is  very  inaccurate.  In  many  instances,  the  differ- 
ence in  length  of  successive  half-divisions  is  very  marked.  The  bulb  of  this  thermom- 
eter is  spherical  and  has  a  diameter  of  about  0.6  of  an  inch. 

For  the  purpose  of  testing  these  thermometers,  the  tubes  were  taken  from  the  brass 
scales.  The  graduations  around  the  boiling  and  freeziug  point  were  transferreil  from 
the  brass  scales  to  slips  of  paper.  These  slips  of  jmper  were  pasted  on  the  glass  tubes, 
BO  that  corresponding  graduations  were  coincident  with  the  .scratches  on  the  glass 
tube,  marking  l>oiling  and  freezing  points. 

In  the  determinations  of  freezing  point  made  August  18,  19,  and  September  11,  the 
readings  were  made  with  a  telescope,  and  the  fractional  part  of  the  degree  estimated. 

Detei'mination  of  freezing  point  of  standard  Wiirdemann  and  Old  Standard  Troughton  and 

Simnis, 


Date. 


St.ud.rd  AVurde«.»n.      'n«„^„^5  SI  J."."*"- 


Keading.     :  Correction. 


August  18,1873 1 

AiiguHt  19. 1873 

SSeptember  11, 1873 | 


32.00 
32.00 
32.00 


0.00 
.00 
.00 


Reading.     Correction. 


32.05 


-0  .05 


In  the  determinations  of  boiling  point  of  these  two  standards,  made  October  17,  18, 
20, 22, 23, 24,  and  25,  the  readings  were  made  with  a  telescope,  and  the  fractional  part 
of  the  degree  estimated. 
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Determination  of  boiling  point  of  standard  fPUrdemann, 


Date. 


October  17, 1873  . 
October  17, 1873 . 
October  17, 1873  . 
October  17, 1 873 
October  18, 1873  . 
October  18, 1873  . 
Octol>er  ao,  1873 . 
Octeber  20, 1873 . 
October  20, 1873  . 
October  22, 1873  . 
October  22, 1873  . 


I 


2§ 


£ 

5  S  bD 

V  c  n 


h,  m. 

in. 

11  34 

29.620 

12  33 

.580 

3  28 

.503 

4  32 

.484 

11  17 

.302 

12  00 

.316 

11  22 

.448 

12  22 

.419 

4  24 

.324 

3  14 

.273 

4  00 

.269 

as  <o  9 

2^^ 

-o-ros 

S2-S 

Mean 
tacbed 
m  om 
reatlin 

o. 

in. 

70.2 

29.510 

6a  5 

.474 

67.0 

.402 

67.5 

.382 

65.8 

.205 

66.8 

.215 

56.1 

.375 

56.0 

.347 

51.4 

.263 

5a2 

.196 

57.8 

.192 

05  » 


%n. 
29.496 
.460 
.388 
.368 
.191 
.201 
..361 
.333 
.249 
.182 
.178 


2ll.i8 
211.22 
211. 10 
211.06 
210. 76 
210.  78 
211.05 
211.01 
210. 86 
210. 75 
210. 74 


E.  bfl 

O 


210.89 
210. 76 
210. 58 
210.  48 
210. 21 
210.25 
210.  51 
210.  .19 
210.23 
210. 12 
210. 12 


Mean 


-i-0..19 
.46 
.  5*i 
.58 
.5.1 
.53 
..'>4 
.62 

.m 

.6:: 

4-0. 62 


4-0.55 


Detemiina 

tion  of 

boiling  point  of  Old  Standard  Troughton  and  Simms. 

Data. 

-41 

««   •  •  bC 

leter    at 
-level. 

it 

J 

I- 

|ii 

Mean 
tach 
mo 
read 

in. 

11 

.1 

P 

5 

h.  m. 

in. 

o 

in. 

0 

0 

o 

October  23. 1873 

3  11 

29.586 

62.9 

29.495 

29.481 

211.26 

212.80 

-L54 

October  24. 1873 

11  07 

.812 

57.4 

.734 

.720 

.66 

213.00 

.34 

October  24, 1873 

12  00 

.798 

CO.  3 

.713 

.699 

.63 

212.97 

.34 

Oi',t<»ber  24, 1873 

2  48 

.761 

59.8 

.677 

.66:j 

.57 

212.97 

.40 

October  24. 1873 

3  43 

.764 

59.5 

.680 

.666 

.57 

212.97 

.40 

October  25. 1873 

10  45 

.836 

S3.  7 

.767 

.753 

.72 

213.04 

.32 

October  25, 1873 

11  35 

.830 

57.3 

.753 

.r39 

.69 

213.05 

—1.36 

Mean 

-1.39 

On  November  11,  12,  and  13  the  boiling  point  of  standard  Wiirdemann  was  again 
tested,  and  immediately  after  each  determination  of  boiling  point  the  freezing  point 
was  tested. 

Determination  of  boiling  point  of  standard  Wiirdemann. 


Date. 


Novpraberll,1873 

November  11, 1«73 


November  12, 1873. 
Novenibi»rl2. 1H73. 
November  12, 1673. 

November  12, 1873 
November  12,  IH73. 
November  12, 1873. 


November  13, 1873 1 

November  13, 1873 ! 

Xovember  13, 1873 j 


November  13, 1873. 
November  13,  IM73. 
N(.vemberl3, 1873. 


fa 


h.  m. 

11  58 
3  58 

8  52' 

8  58 

9  06 

12  26 
12  35 
12  43 

10  40 
10  48 
10  56 

1  23 
1  30 
1  39 


^1 

0/  c  a 


tn. 
29.2.30 
.018 


t^.9  U 

'lea 
IIhI 


.028  I 
.0.'»0  I 
.038 

.130 
.136 
.141 

.320 
.324 
.324 

.306 
.307 
.309 


64.9 
61.9 

.'Wi.  1 
57. 0 
58.6 


62.8 
63.6 

63.  9 

.•53.  3 
53.  6 

53.8 

.%•».  3 
55.4 
.•V5.0 

i%s 

% 

4i 

0 

fcS-g 

5^ 

s. 

III 

©.2 
§  2 

a 

P  o  « 

1"^ 

a 

£ 

in. 

in. 

0 

29. 135 

29.121 

210.  64 

28.  931 

28.917 

210. 29 

.9.'>7 

.943 

210.34 

.956 

.942 

.3:i 

.960 

.940 

.34 

29.041 

29.027 

210.48 

.045 

.031 

.49 

.049 

.035 

.49 

.  2.'>5 

.241 

210.85 

.259 

.245 

.85 

.2.')8 

.244 

.85 

.2.36 

.222 

210.  81 

.237 

.223 

.82 

.240 

.226 

.82 

:3 


210.06 
209.70 

209.75 
.75 
.74 

210. 03 
209. 9J) 
209.98 

210.30 
.30 
.31 

210.30 
.30 
.31 


Mean. 


+0..V 
.59 

.59 

.60 

.4.-> 
.50 
..-.I 

.55 
.55 
.54 

.51 

.52 

4  0.51 


4a54 
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Id  these  determiuatiouH  of  boiling  and  freezing  poiuts,  the  fractional  partof  the  degree 
was  determined  with  micrometer. 

Deter mhiatiOH  of  freezing  point  of  standard  JViirdemann, 


November  II,  1873. 
November  11,  1873 


November  12,  1H73.. 
November  12,  187:>., 
Noveiiib<^r  J2,  1873.. 
November  12,  1873  . 
November  12, 1873., 

November  13,  1873, 
November  13,  1b73. 
November  13,  1873. 
November  13,  1873. 
November  13,  1873. 


Mean. 


Date. 


Tin»ofob«r.     jj^ultog. 


h.  m. 

1  00 

4  54 

10  00 
lU  31 

2  2:i 

5  30 

3  06 

11  49 

12  Oti 
2  38 

2  56 

3  07 


31.43 

31.43 

31.3fi 
31.37 
31.42 
31.  42 
31.  19 

31.  45 
31.38 
31.  42 
31.45 
31.43 


Correction. 


+0.57 

.57 

.64 
.63 

.58 
.58 
.51 

.55 
.62 
.58 
..W 
+0.  57 


-fO.58 


The  freezing  point  of  this  standard  was  also  tested  on  December  19.  20,  1873,  and 
Jannary  6,  1J374.    The  fractional  part  of  the  degree  was  determined  by  micrometer. 


Determination  of  freezing  point  of  standard  WUrdemann, 


December  19,  1873  . 
December  19.  1873  . 
December  19, 1873  . 
December  20, 1873  , 
I.)ecember  20,  1B73  . 
December  20, 1873  . 


Mean. 


Jan  nary  6, 1873  . 
January  6,  1 873  . 
January  6,  1873  . 
Janaary  6,  1873  . 


Mean . 


Date. 


TimeofobBer 
vatlou. 


h,  m. 
10  50 
12  06 
3  00 

2  45 

3  20 

4  00 


10  05 

10  34 

11  10 
11  36 


Keotling.        Correction. 


31.63 
.62 
.65 


.65 
.65 


31. 70  ' 

.66  ' 

.65  I 

.64  I 


I 


+0..T7 

.38 

.34 

.35 

-1-0.35 


+0.36 


+0.30 
.34 
.35 
.36 


4  0.34 


Comparisons  were  made  between  standard  Troughton  and  SimmsNo.  230,  standard 
WUrdemann,  Old  iStaudani  Tronghton  and  Simms,  and  a  number  of  brass  and  ivory 
scale  thermometers  at  varions  points  between  40^  and  iHP  Fahrenheit. 

When  comparisons  were  m<ide,  the  varions  thermometers  to  be  compared  were 
.suspended  vertically  in  a  glass  vessel  filled  with  water,  their  bnlhs  beinjj  nearly  in  the 
same  horizontal  plane.  During  a  set  of  comparisons,  the  air  was  maintained  at  a  tem- 
perature as  nearly  as  possible  equal  to  that  of  the  water  in  the  vessel.  The  water  was 
stirred  continually  for  at  least  half  an  hour  before  any  readings  of  the  thermometers 
were  made.  Four  sets  of  readings  were  u.Hually  made,  the  mean  of  which  constituted 
a  comparison.  In  the  comparisons  of  standard  No.  2:i()  with  the  other  standards,  about 
fifty  snch  comparisons  were  made  between  40°  and  90^.  In  tlie  comparisons  of  stand- 
ard thermometers,  the  readings  were  made  with  a  telescope  of  short  focus,  the  line  of 
sight  bfciiig  arranged  horizontally.  The  telescope  had  a  niafjnifying-power  of  3rj.  The 
fractional  part  of  the  decree  was  estimated.  Care  was  tjikeu  to  liave  the  glass  surface 
of  the  vessel  through  which  the  readings  were  made  perpendicular. 
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The  comparisons  of  staudard  thermometers  were  made  before  the  boiling;  points 
were  determined,  and  when  the  correction  to  standard  No.  230  at  3*2<^  was  — 0.16  of  a 
degree,  and  the  correction  to  standard  Wilrdemann  to  reduce  to  the  mark  on  the  glass 
was  0.00.  When  the  tube  of  standard  Wurdemann  is  attached  to  the  brass  scale,  the 
mark  on  the  glass  tube  at  freezing  point  is  0.10  of  a  degree  above  graduation  3*^o  ot 
brass  scale,  the  temperature  of  the  scale  and  tube  being  about  60°  F.  Owing  to  the 
difference  in  expansion  of  brass  and  glass,  when  the  temperature  of  the  tube  and  scale 
is  32°  F.  the  mark  on  the  glass  tube  wouhl  be  0.07  above  graduation  32°  on  the  brass 
scale.  On  account  of  the  proximity  of  graduation  212"^  and  the  point  where  the  tube  is 
fastened  to  the  scale,  the  relative  position  of  the  mark  at  boiling  point  and  graduation 
212'-  would  be  affected  only  slightly  by  changes  of  temperature. 

Corrections  to  standard  WHrdemann, 


.32 -\ 
40^. 
45^\ 
50^. 

60^. 


True  temperature. 


Correction.   \ 

65- 

True 

temperature. 

t 

Correction. 

1 

0  07 

o 

—  0.43 

—  0.47 

—  0.04 

70-. 

7r>c . 

80^, 
90°. 

.... 

—  0.  13 

—  0.48 

—  0.  27 

—  0.47 

—  0.  35 

—  0  40 

—  0.40 

J  —  0  33 

Boiling  changes  the  freezing  point  of  thermometers,  so  that  the  corrections  to  stand- 
ard Wilrdemann,  after  the  boiling  point  was  tested,  would  differ  from  the  foregoing 
by  a  constant  quantity,  depending  on  the  amount  by  which  the  freezing  point  was 
changed.  On  January  6,  1874,  the  correction  to  this  standard  at  freezing  point  to  re- 
duce to  scratch  on  glass  tube  was  -^-OAM.  The  corrections  to  the  thermometer  after 
that  date,  until  a  further  determination  of  its  freezing  point  is  made,  will,  therefore,  be 
the  corrections  in  the  foregoing  table,  witH  the  constant  difference  -f  0.:54  of  a  degree 
applied. 

Old  standard  Troughton  and  Simms  has  been  rejected  on  account  of  the  large  errors 
in  graduation  and  the  large  correction  at  boiling  point. 

Several  brass-scale  thermometers  were  compared  with  standard  No.  230.  Nos.  2,3, 
4,  5,  6,  10,  11,  and  12  are  primary  base  apparatus  thermometers.  The  temperature  of 
the  air  during  these  comparisons  was  nearly  the  same  as  that  of  the  water  in  the  vessel. 
The  reading  were  made  to  tenths  of  a  degree  without  the  assistance  of  a  telescope. 

The  freezing  points  of  the.se  thermometers  were  tested  after  the  comparisons  were 
made. 

Corrections  to  be  applied  to  scale-reudings. 


li 

s| 

2 

HP. 

o 

0 

32 

-0.8 

42 

-0.9 

52 

-1.3 

68 

-1.8 

TA 

-1.8 

78 

-1.9 

81 

-2.0 

84 

-2.0 

o 

o 

1.3 

-1.0 

1.4 

-1.2 

1.8 

-1.5 

1.9 

-1.7 

2.1 

-1.7 

2,1 

-1.7 

2.2 

-1.8 

2.3 

-1.8 

--0. 1 
-0.1 
-0.1 
—0.1 


0.0 
-0.2 
-0.6 
-0.9 
-1.0 
-1.0 
-1.0 
-1.0 


10 

11 

12 

1428 

1439 

1444 

1446 

0 

0 

o 

o 

o 

o 

o 

-0.7 
-0.7 
-0.9 
-1.0 
-1.1 
-1.0 
-1.1 
-1.1 

-0.8 
-0.8 
-1.1 
-1.1 

-0.6 
-0.7 
-1.0 
-1.1 

-0.6 
-0.7 
-0.9 
-1.1 

-0.7 
-0.7 
-1.0 
-1.0 

-0.6 
-0.7 
-1.0 
-1.1 

-0.7 
-0.7 
-1.0 

The  comparisons  of  brass-scale  thermometers  with  standard  No.  230  between  42<^and 
62^  inclusive  were  made  in  January,  1874,  when  the  correction  to  standard  at  freezing 
poi  nt  was  —0.07  of  a  degi^e.  The  remainder  of  the  comparisons  were  made  in  June,  1873, 
when  the  correction  to  the  standard  at  freezing  point  was  — 0.16.  Secondary  base  api^a- 
ratus  thermometers 5,6,  W,X.Y,  Z,  were  compared  with  standard  No.  230  on  January  6and 
7,1874.  ^ 
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These  are  ivory-scale  therniometers.  Their  freezing  points  were  determined  before 
the  couipariyous  were  uuule.  lu  comparing  the  therniometers,  they  were  put  in  the 
glass  vessel  containing  water  at  a  temiieraturo  of  100-  F.,  the  temperature  of  the  room 
being  about  60^. 

Headings  were  made  from  time  to  time  as  the  temperature  of  the  water  was  falling. 
When  the  temperature  of  the  water  was  nearly  that  of  the  air,  a  quantity  of  ice 
was  put  in  the  vessel,  and  after  it  had  all  melted  and  the  water  had  been  thoroughly 
stirred,  readings  were  again  made  ;  the  temperature  of  the  water  was  brought  dowii 
again  by  means  of  ice,  and  readings  made  as  before.  When  the  water  was  brought 
below  6()Q,  the  temperature  of  the  room  was  allowed  to  fall,  so  that  there  should  be  as 
little  difference  as  possible  between  the  temperature  of  the  air  and  the  water. 

Corrections  to  he  applied  to  scale-readings. 


True  tempera- 
ture. 

5 

6 

o 

-  4.0 

-  3.6 

-  2.7 

-  1.9 

-  1.5 

-  0.8 

-  0.6 

-  0.5 
+  0.5 
+  0.3 
+  0.7 

^    ■ 

X 

o 
-  0.1 

0.0 
+  0.5 
+  0.5 
+  0.5 
+  1.0 
+  1.0 
+  1.1 
+  1.3 
+  1.3 
+  1.0 

1           Y 
+  3.0 

z 

1 
3-,>.  0 

38. 4        ; 

o 
+  0.6 
+  0.4 

c 
+  4.4 
+  4.4 
+  3.6 
+  2.7 
+  1.1 
+  1.0 
+  0.8 

-  0.3 

-  0.1 

-  0.6 

-  0.0 

o 
+  2.4 
+  3.2 
+  2. 1 

49.3 

+  2.3 
+  1.3 
+  0.3 
+  0.4 
0.0 

-  0.7 

-  0.5 

-  0.8 
1         -  0.5 

59.3            '• 

70.1 

77.0 

f7.1 
91.0 

+  0.3 

+  0.1 

0.0 

-  0.2 

-  0.6 

-  0.5 

-  0.6 

-  0.9 

+  1.1 
+  0.1 

-  0.8 

-  1.2 

-  1.9 

95.3 

100.0 

1 

-  1.7 

Two  ivory-scale  thermometers  were  compared  with  standard  No.  230  at  the  same 
time  that  comparisons  were  being  made  between  standard  Wiirdemann,  Old  Standard 
Troughton  and  Simms,  and  standard  No.  230. 

Beiore  any  comparisons  were  made  between  these  thermometers  and  the  standard, 
marks  were  made  on  the  ivory  scales  which  would  show  in  the  future  any  change  in 
the  relative  positions  of  the  glass  tube  and  scale.  In  December,  1873,  when  additional 
comparisons  were  being  made  with  the  standard,  it  was  found  that  a  change  had  tiUcen 
place.  It  was  also  found  that  when  the  thermometers  were  put  in  water  the  ivory 
scale  expanded  about  0.004.  This  expansion,  owing  to  the  manner  in  which  the  tube 
was  fastened  to  the  scale,  would  cause  the  thermometer  when  in  water  to  read  greater 
than  when  dry  and  in  the  air. 

For  3170  A  the  reading  would  be  0^.36  greater  at  32^,  and  0o.l7  greater  at  90^. 

For  3171  B  the  reading  would  be  0^.32  greater  at  22Py  and  0^.13  greater  at  90°. 

The  following  are  the  corrections  when  the  thermometers  are  dry,  and  when  the  top 
of  the  brass  fixture  retaining  the  thermometer  tube  is  tangent  to  the  scratch  on  the 
ivory  scale : 

Corrections  to  be  applied  to  the  scale-readings  to  reduced  to  true  temperature. 


Maj.  C.  B.  CoMSTOCK. 

Corps  of  Engim'ers,  Bvt.  Brig.  GenL,  V.  .^.  A, 

30  ENG 


Trac  tem- 
perature. 

3170  A 

1 

3171  B 

o 

, 

32 

+  0.5     1 

+  0,8 

40 

+  0.49  1 

+  0.62 

45 

+  0.33  1 

+  0.48 

.00 

+  0. 14  1 

+  0.34 

55 

-  0.01  i 

+  0.24 

60 

-  0. 14  ' 

+  0. 17 

65 

-  0.18  i 

+  0.13 

70 

-  0.23  ' 

+  0.08 

75 

-  0.23  1 

+  0.03 

CO 

-  0.22  1 

-  0.03 

1            >i'5 

-  0.21  , 

—  0.02 

1            90 

-  0.  25  1 

-  O.OG 

ir  obedien 

t  servant, 

T.  Rrs^EL, 

* 

Assistant  Engineer 
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ArPKXPIX   II.— COMPAHISOX  of  lake  survey  isTANDAlU)   YA1U>S  KOS.  G,  T,  8,  9,  AND  10. 

Jivport  of  Mr.  E.  S.  Wheel er,  AHnUiant  Engineer. 

Office  Uxiteh  States  Lake  Survey, 
Detroit,  Mich,  March  12,  1>J74. 

Si«  :  I  have  the  honor  to  report  the  following  results  of  the  comparison  of  the  Lake 
Survey  standard  yards  Nos.  (5,  7,  H,  9,  and  10  with  ©acli  other. 

These  comparisons  were  made  in  the  cellar  of  the  Lake  Survey  office  during  January, 
Februarj",  and  a  part  of  March,  1874.  Two  comparators  were  mounted  upon  a  beam  ot 
wood  Olio  yard  apart.  Their  quills  were  lined  and  leveled  in  the  usual  manner.  Two 
Y's  wore  mounted  between  the  comparators,  so  that  when  a  yard  rested  in  them  tlio 
contact  of  the  quills  with  the  ends  of  the  yards  was  central.  Two  yards  were  jdaced 
side  by  side,  and  wrapped  with  seven  thicknesses  of  woolen  cloth  ;  they  were  then  sus- 
pended together  by  spiral  springs,  so  that  only  four  ounces  of  their  weight  w*as  borne 
by  the  Y^s.  Both  yards  and  conii>aratars  were  then  covered  with  a  wooden  box,  hav- 
ing glass  windows  in  the  toj).  The  milled  head  of  the  micrometer-screw  in  the  Wiirde- 
uiann  comparator  projected  through  one  end  of  the  box,  so  that  it  could  be  turned  from 
the  outside.  The  yards  were  lifted  in  and  out  of  the  Y's  by  taking  hold  of  tlie  spiral 
springs  above  the  box.  Two  thermometers  were  placed  inside  the  box,  so  that  they 
could  be  read  through  the  glass  windows.  The  corrected  readings  of  these  thermome- 
ters are  taken  for  the  temperature  of  the  yards.  A  maximum  and  a  minimum  ther- 
mometer were  placed  on  the  outside  of  the  box  and  read  daily. 

The  observations  were  made  as  follows:  The  yard  nearest  the  observer  was  i>hiced  in 
the  Y's  first.  The  bubble  in  the  level  of  the  Stack  pole  comparator  was  then  made  t<»  i»lay 
by  moving  the  yard  longitudinally.  This  was  easily  done  by  taking  hold  of  the  spiral 
springs  above  the  box  and  pressing  them  lightly  to  the  right  or  left.  The  bubble  in 
the  AViirdemann  comparator  was  then  made  to  play  by  turning  the  micrometer-screw. 

The  micrometer  and  level  of  the  AViirdemann  and  the' level  only  of  the  Stackixile  com- 
parator were  then  read.  The  yards  were  then  alternated  in  the  Y's,  and  the  readings 
repeated.  This  was  done  eleven  times,  which  gives,  by  comparing  the  reading  of  oiit- 
yard  with  the  mean  reading  of  the  other  before  and  after,  live  results.  The  avera^o 
time  occupied  in  taking  a  set  of  live  was  twenty-two  minutes.  After  an  absence  of  (»ne 
or  two  hours,  the  observer  would  return  and  take  another  set.  In  this  way  the  ten 
probable  combinations  of  twos  were  observ<'.d.  After  each  pair  had  been  observed  on 
at  least  two  days,  the  comparators  were  taken  out.  lined,  leveled,  and  centered  a  second 
time,  and  the  entire  series  of  observations  repeated,  taking  care  to  change  sides  with 
the  yards,  so  that  the  yard  which  was  nearest  the  observer  in  the  lirst  series  should  In* 
farthest  from  him  in  the  last,  thus  eliminating  the  error  caused  by  the  heat  (♦f  tin* 
observer's  body.  The  results  are  tabulated  below.  The  unit  is  one-millionth  of  an  inch 
of  the  Wurdemann  comparator. 


Pair  of  yards 

U>?(1. 


!l 


I 


e  c    I 


!   5 


I   ^ 


'  "       r       ^  *    t      =       K  -     -  " 


=    '  :^    •  s 


(Ti-'H)  

(-)-(O; 

(■•)-(!») 

(10)-(<i) 

(V>-(-) 

(7)-(l») 

(in)-(T) 

(N-(n) I 

(KO-C*) I 

(lo)-(a) 

Tota'a '  4>i 

I 


9  1 

OJ 

1334 

1334 

45 

!»!» 

95 

7  ! 

7*J 

147f^ 

1173 

4 

41) 

1  ,■).<> 

1.XJ 

4   j 

:.5 

l'J3'J 

1-23S 

4.", 

2^-2.') 

)l■*^>^ 

37 

2:S4 

2.35 

4-2 

LV.') 

1 5^5 

40 

1  ^•^3 

1491 

^1 

4i 

30(32 

3061 

"-'1 

517 

14934 

14924 

1315  i 

IMl 
1470  : 
15^1  ' 
l.>3f»  ! 
■Sr-Jfi  ; 
236  ; 
15H4 
14^7  ! 
3066  I 


1331 

14-3 
15"^- 
l-23f 

2.-20 
231 
15H6 
14!M 
305;j 


1337 

100 
H<) 
1595 
1235 
2^11 

240 
1593 
1499 
3087 


1329  I 
94  I 
1464  , 
1577  I 
1241  I 
2K16 
221>  j 
1579  ! 
14^7  I 
3042 


4 

39.  2 

40.0 

41.6 

41.4 

40.1 

40.3 

41.3 

41.2 

41.2 


al 


.37.0 
37.1 
3>^.4 
38.  8 
.3ja.  5 
3H.0 
.3H.  3 
37.9 
.37.4 
37.1 


I  38.4 
38.4 

I  39- 1   I 
40.4  i 

I  39.7  : 
3^.8 
39.6 

!  :».  9  j 

40.1 
38.8 


41.5 
40.  0 
4(1  -- 
4\.^  , 
41.4  ' 
4*1.  1   1 
40.3  i 
41  0  ! 
4  2.1   I 
4i.l 


31  A 
37.1 
3-  1 

3-  .'• 

3:  " 

T.  .'. 
37  - 
3:  -2 
37.1' 


14913  I  14982 


14878  ' 1 39.3  |. 


In  the  preceding  table,  the  tenth,  eleventh,  and  twelfth  columns  contain  the  highest 
lowest,  and  mean  temperatures  of  the  yards  when  they  were  observe.  The  thirteenth 
and  fourteenth  columns  contain  the  highest  and  lowest  temneratures  of  the  room  as 
shown  by  the  maxinuim  and  minimum  thermometers  during  the  whole  namber  of  days 
observations  were  made  on  tlnit  pair. 

The  table  al80  shows : 

1st.  The  mean  of  all  the  results,  the  mean  of  the  daily  means,  the  mean  of  the  A.  M.'s 
and  the  mean  of  the  P.  M.'s  are  all  practically  the  same. 


Digitized  by  LjOOQ  IC 


REPORT    OF    THE    CHIEF    OF    ENGINEERS.  467 

2d.  The  heat  of  the  observer's  body  makes  the  yard  which  is  nearest  him  0.000005  inch 
longer  than  the  other  one. 

3a.  The  entire  range  of  tf  mperatiire  in  the  room  during  comparisons,  from  January 
14  to  March  9.  1874,  was  5^. 

Taking  the  means  of  the  daily  means,  and  correcting  them  t^  British  inches,  and  then 
forming  the  equations  of  condition,  we  shall  have  the  following — 

Equations  of  condition. 

(  7)  —  (6)  —  1339  ==  0  Residuals,  7 

(  8)  — (6)—     99  =  0  1 

(  6)  — (9)  — 1479  =  0  7 

(10) —  (0)  — 1592  =  0  2 

(  7)  — (H)  — 1243  =  0  5 

f  7)  — (9)  — 2834  =  0  2 

(10) —  (7)—   2:^)  =  0  8 

(  8)  — (9) —  1591=0  7 

(10)  — (8)  — 1497  =  0  5 

(10)  — (9)  — 3076  =  0  0 

Eqnal  weights  are  assigned  to  all  the  equations  of  conditiou.  Though  some  have 
more  results  than  others,  they  do  not,  probably-,  have  greater  weijiht,  for  the  additional 
results  were  taken  because  the  usual  number  did  not,  owing  to  change  of  temperature, 
&c.,  seem  to  have  the  usual  weight. 

The  normal  equations  will  then  be  as  follows : 

4  (  7)  —  (8)  —  (9)  —  (10)  =  (0)  +  5180 
4(  8) -(7) -(9) -(10)  =  (6) -1000 
4(  9) -(7) -(H) -(10)  =  (6) -8980 
4(10)  — (7)  — (8)  — (  9)  =  (0)  — 6401 


Solving,  we  find — 


(  7)  =  (0)  +  1340 
(  8)z=(6)+  98 
(  9)  =  (G)  — 14^0 
(10)  =  (6) +  1590 


Substituting  these  values  in  the  eciuations  of  conditions,  the  residuals  tlitie  given  are 
found.    Solving  for  probable  error,  it  is  found  to  be  0.000002  inch  for  all  tlio  quantities 
Collecting  the  temperatures,  we  find  that— 

(6)  — (  7)  at  39-.2  =  — 1340  British  inches. 
(6)  — (  8)  at  39^.3  =  —  98  British  inches. 
(6)  — (  9)  at  39^.5  =  4-1480  British  inches, 
((i)  — (10)  at  39-.  5  =  —  1590  British  inches. 

Very  respectfully, 

E.  8.  Wfikklkr, 

A  s.*?/ A/fl ti  t  Engineer. 
General  C.  B.  Comstock, 

Superintendent  United  States  Lale  Sun'ey. 

Note. — The  Wiirdemann  values  are  multiplied  by  1.0038  to  redure  tluni  to  British 
inches. 
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Appendix  I. — Compahisoxs  of  standard  15-foot  bar  with  new  lake  survey 
YARD.s  Nos.  6,  7,  8,  9,  and  10. 

1. — Jieport  of  Mr.  E.  S.  JfJieekr,  Assistant  Engineer, 

Office  United  States  Lake  Survey. 
Detroit,  Mich.j  June  16, 1873. 

Sir  :  I  have  the  houor  to  report  the  following  resalts  of  the  comparisons  of  the 
standard  15-foot  bar  with  the  new  yards  numbered  6,  7,  8,  9,  and  10. 

The  comparisons  were  begun  in  February,  1872,  and  stopped  in  May.  The  bar  was 
used  during  the  summer  in  comparisons  with  the  tubes  at  Fond  du  Lac,  Wis. 

Additional  comparisons  have  been  made  during  the  present  mouth. 

The  bar  and  yards  were  placed  parallel  to  each  other  and  two  inches  apart  in  a 
wooden  box.  The  yards  rested  in  a<ljustable  Y's,  and  were  supported  by  spiral  springs 
hanging  from  the  ceiling  above.  These  springs  are  fastened  to  each  yard  nine  inches 
from  the  end,  and  are  so  adjusted  that  the  yards  press  in  each  Y  with  a  weight  of  only 
four  ounces. 

The  spiral  springs  are  inclined  toward  the  center  of  the  box  at  such  an  angle  that 
the  yards  press  against  each  other  longitudinally  with  a  force  of  one  pound,  (making 
the  pressure  at  the  ends  of  the  middle  one  two  pounds  less  the  friction  in  the  Y's.) 

The  bar  is  supported  on  small  rollers  18  inches  apart,  and  haa  on  each  side  guide?, 
furnished  with  set-screws,  to  facilitate  lining. 

The  box  containing  the  yards  is  about  8  inches  wide  and  3  inches  deep ;  the  sides 
and  bottom  are  double,  and  packed  with  cotton.  The  top  is  single ;  the  ends  are  closed 
with  tin,  which  has  small  holes  through  which  the  ends  of  the  bar  and  yards  project 
about  one-fourth  of  an  inch  ;  they  are  aho  packed  with  cotton.  During  all  the  com- 
parisons made  in  1873  there  were  four  heavy  bed  quilts  wrapped  around  the  outside  of 
the  box ;  three  thermometers  were  in  the  box,  one  at  each  end  and  one  in  the  middle. 
They  were  read  and  corrected  in  the  usual  manner. 

The  bar  was  lined  with  a  fine  silver  wire,  and  leveled  with  a  hand-level,  whose  sup- 
ports were  18  inches  apart.  For  lining  the  yards,  a  half-cylinder  of  brass,  with  a  diam- 
eter the  same  as  that  of  the  axis  of  the  yards,  was  prepared.  On  its  plane  surface  diag- 
onal lines  were  drawn,  so  that  their  intersection  was  in  the  middle.  The  silver  wire 
Avas  stretched  over  the  Y's,  and  the  half-cylinder  laid  in  the  Y's,  which  were  then  ad- 
justed till  the  intersection  of  the  lines  on  the  half-cylinder  was  directly  under  the  wire. 
The  yards  were  leveled  by  fastening  a  level  to  one  of  the  yards  and  reversing  it  in  the 
Y's.  "a  small  level  wjis  prepared  for  those  Y^s,  which  were  only  two  inches  apart. 

The  accuracy  of  the  line  and  level  of  the  yards  was  tested  by  coating  the  ends  of  the 
yards  with  wax,  then  bringing  them  in  contact  and  examining  the  point  of  coutiMft, 
which  showed,  as  a  litte  round  point,  where  the  wax  was  pushed  away.  This  point 
w{is  in  every  case  precisely  in  the  center  of  the  end  of  the  yard. 

The  comparators  were  the  Wilrdemann  and  Stackpole ;  they  were  mounted  on  the 
X>iers  in  the  basement  of  this  office  in  the  usual  manner. 

The  Wurdemann  was  read;  the  level  only  of  the  Stackpole  waa  used. 

Before  observations  made  at  widely  varying  temperatures  can  be  compared  with 
each  other,  it  is  necessary  to  know  the  difference  in  the  rates  of  expansion  of  the  bar 
and  yards.     This  was  found  from  the  observations  themselves. 

The  observations  were  selected  in  the  following  way :  The  curves  for  the  bar,  yards, 
and  temperature  for  each  day  were  plotted.  If  they  passed  through  a  maximum  or 
minimum,  the  day's  work  was  used  :  if  they  did  not,  the  day's  work  was  rejected. 

The  difference  between  the  lengtns  of  the  bar  and  yards  at  the  maximum  or  mini- 
mum was  taken  as  the  result  for  the  day,  and  the  day's  work  treated  as  a  single  obser- 
vation. The  curves  for  some  days  were  much  more  perfect  than  others.  Sometime  the 
curves  passed  rapidly  through  the  cliange ;  at  others  they  were  almost  stationary  for 
six  or  seven  hours.  Different  weights  were  therefore  assigned  different  days'  work. 
These  weights  are  arbitrary,  being  made  simply  from  an  inspection  of  the  curvet. 
They  ratige  from  one  to  ten. 
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The  foUowiag  is  a  list  of  the  days  used,  with  their  curves,  and  the  weights  assigned 
them : 


Date. 


Febniarv  26, 1872  . 
March  5,1872.... 
March  11. 1872  .... 
March  14.1872  .... 
March  19.1872  .... 
April  26. 1S72  ...^, 

May  1,1872 

May  4. 1872 

MavlO.  1872 

May  13.1872 

Juiie  6. 1873 

June  11,1873 

June  12,1873 

Juno  13,1873 

June  17.1873 

June  20. 1873 

June  24, 1873 


1 

1 

1  Temp. 

1 

Bar  lon^r  than  yardfl, 
Wiirdeniann      com- 
parator inch. 

Weight. 

'      36.8 

0. 00.821  inch 
0. 00791  inch 
0. 00823  inch 
0. 00811  inch 
0. 00815  inch 
0. 00833  inch 
0. 00852  inch 
0. 008-20  inch 
0. 00830  inch 
0. 00837  inch 
0. 00858  inch 
0. 00844  inch 
0. 00847  inch 
0, 00847  inch 
0. 00848  inch 
0. 00849  inch 
0.  00846  inch 

1 
5 
1 
1 
1 
6 
6 
•      6 
5 
3 
4 
8 
8 
4 
4 
8 
8 

Minimum. 

,      24.7 

I)o. 

1       .33. 1» 

Do. 

'       37.1 

r'6.  G 

Maximum. 
Minimum. 

'      61.7 

Maximum. 

1      61.4 

Do. 

1      49.3 

Minimum. 

1      63.4 

Do. 

'      .-$6.7 

Maximum. 

'      68.  9 

Do. 

■'      67.7 

Do. 

1      66.8 

1       64.7 

Minimum. 
Do, 

68.1 

Do. 

:     71.5 

Do. 

71.3 

Rifiing. 

1 

During  the  observations  of  1872,  a  pointed  quill  was  used  in  the  WUrdemann  com- 
parator, and  a  blunt  one  in  the  Stackpole  comparator.  In  1873,  pointed  quills  were 
used  in  both  comparators. 

An  exiimination  was  made  to  see  if  there  was  any  difiference  in  the  results  obtained 
with  a  pointed  or  blnnt  qnill.  The  two  quills  were  used  alternately  in  the  Stackpole 
comparator  for  two  days.  The  mean  results  obtained  with  the  pointed  quill  differed 
only  0.000006  inch  from  those  obtained  with  the  blunt  quill — a  quantity  so  much  less 
than  the  errors  of  obsen-at ion  that  it  may  be  entirely  neglected;  there  is,  therefore, 
no  correction  on  this  account  to  be  made  to  the  observations  of  1872. 

The  blunt  and  pointed  quills  were  also  alternated  in  the  Wilrdemann  comparator.  It 
was  found  that  the  blunt  quill  made  the  difference  between  the  bar  and  yards  0.00015 
greater  than  the  pointed  quill.  This  is  partly  because  the  end-surface  of  the  bar  is 
not  at  right  angles  to  the  axis  of  the  bar,  and  partly  because  the  quill  of  the  compar- 
ator as  then  mounted  was  not  in  line  with  the  bar,  so  that  the  contact  of  the  bar  and 
qnill  was  not  central;  but  since  the  pointed  quill  was  used  in  tUis  comparator  during 
all  the  time,  this  difference  does  not  enter  into  the  observations  at  all,  and  need  not, 
therefore,  be  considered.* 

The  inclinations  of  the  end-snrfaces  of  the  bar  were  examined.  The  quill  at  one  end 
of  the  bar  was  kept  in  contact  with  the  middle  of  the  bar,  while  the  ouill  at  the  oppo- 
site end  was  read  one- tenth  of  an  inch  to  the  right,  left,  above,  and  below  the  center. 

The  difference  in  these  observations  give  the  data  for  computing  the  angular  position 
of  the  plane  surfaces  at  the  ends  of  the  bar. 

The  ends  of  the  bar  approximate  quite  closely  to  a  plane  surface,  but  are  not  quite 
perpendicular  to  the  axis  of  the  bar.  The  greatest  deviation  found  being  15'  at  the 
marked  end  of  the  bar,  an  error  of  one-fiftieth  of  an  inch  in  centering  the  pointed  quill 
may  make  an  error  of  0.00010  in  the  reading  of  the  comparator;  but  this  error  will  be 
.sometimes  plus  and  sometimes  minus,  so  that  in  a  large  number  of  readings  it  will  be 
eliminated.  It  is  probably  due  to  this  cause  that  slight  irregularities  in  the  curve  of 
the  bar  are  greater  than  in  that  of  the  yanls. 

The  ends  of  the  pointed  quills  have  a  radius  of  about  one  twenty-fifth  of  an  inch. 
The  inclination  of  the  end-surfaces  of  the  bar  to  the  axis  of  this  pointed  quill  and 
bar  will  make  a  constant  error,  arising  from  the  poiut  of  contact  not  being  central, 
wliirh,iu  the  case  of  the  maximum  angle,  (15',)  will  be  0.000004.  This  error  is  con- 
stant and  should  be  subtracted  from  the  readings  of  the  bar. 
Very  respectfully,  your  obedient  servant, 

E.  S.  Wheeler, 

AsHiHtani  Engineer, 

General  C.  B.  Comstock. 


2. — lieporl  of  Mr.  K.  S.  Woodivardf  AsJiidaHf  Eny 'nicer. 
Determination  by  least  squares  of  the  difference  between  the  .standard  bar  and  Lake  Sur- 
vey yards  Xo.s.  H,7, 8,9,  and  10,  at  G2   Fah.,  and  also  the  difiVrence  between  their  co-efli- 
cient."*  of  expansion,  resulting  from  the  data  in  the  preceding  report. 
The  data  from  which  the  within  computation  is  made  were  obtained  from  MS.  report 
No.  203. 


•Provided  the  inclination  of  the  quill  to  axis  of  bar  is  so  small  as  not  to  afft^ct 
O.OOr'tiO  inch,  or  not  «»xoeeding  2  '.5()\  It  is  scarce! v  po.s>,il)le  that  its  error  can  have 
bee.  so  sroat.-C.  H.  C.  "  p.^.,.^^^  ^^ GoOglC 
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In  the  formation  of  the  normal  eqaationn,  the  co-efificieutB  were  checked  by  means  of 
the  UHual  "control." 

The  weights  of  the  quantities  sought  were  determined  by  two  different  methods  and 
fonnd  to  agree. 

The  Bar  being  longer  than  the  Yards,  and  the  value  of  the  difference  between  their 
co-efficients  of  expansion  being  positive,  (i,  e.,e==-|-  1.177,)  (i.e.,  bar  expands  that 
much  faster,)  it  appears  that  the  Bar  expands  or  contracts  faster  than  the  Yards. 

Throughout  the  computation,  O.OOOOl  inch  has  been  used  an  the  unit,  the  observed 
difference  (D  t^)  being  expressed  in  the  same. 

Hence  the  values  of  the  quantities  sought,  and  their  probable  errors,  are  also  ex- 
pressed in  terms  of  the  same  unit. 

r.  s.  'vvoodward. 

January,  1874. 

D  62^  =  difference  between  Bar  and  Yards  at  62-  F. 
D    P  ^=  difference  between  Bar  and  Yards  at  P  F. 

e  =  ditterence  between  the  co-efficients  of  expansion  of  the  bar  and  yards. 
Hence  the  e<iuation  of  condition — 

D  62^  -f  (PS^-)  e  —  DP  =  0 


t^ 

Kt--(y^.-) 

DP 

Equations. 

Wt. 

V 

V   V 

36.8 

-•r>.3 

821 

D  62-25. 2  c- 821-0 

1 

'        -11.23 

126.1129 

24.7 

-37.  3 

791 

D  62-37.3   -791-0 

5 

+  10.  12 

102. 4144 

33.9 

-28.1 

t^Zi 

D  62-28.1    -823-0 

1 

-16.65 

277.21i5 

37.1 

-24.9 

811 

D  62-24. 9   -811    0 

1 

-00.88 

000.7744 

36.6 

-25.4 

815     . 

D  62-25.  4   -815--0 

I 

-05.47 

29.920n 

61.7 

-00.3 

833     t 

D  62-00.3  -833=0 

6 

+  14.87 

219. 1169 

61.4 

-00.6 

852     1 

D  62-00.6   -852-0 

6 

-32.  55 

1059.  50-2.> 

49.3 

-12.7 

820 

D  62-12.7   -820=0 

6 

'        +10.96 

120. 1216 

63.4 

-1-01.4 

830     , 

D  62-f01.4   -830-0 

5 

+  24.  75 

6l2.66i> 

56.7 

-05.3 

837     , 

D  62-05.3  -S37=0 

3 

-06.61 

43. 6921 

68.9 

-f06.9 

858 

D  62-1-06.  9   -851^=0 

4 

1         -20. 92 

437.  fym 

67.7 

-f05.7 

844     ' 

D  62+05.7   -844=0 

8 

+06.  02 

36. 2404 

66.8 

-f04.8 

847 

D  62+04.8  -847-  0 

8 

-05.  46 

29.811*! 

64.7 

+  02.7 

e47 

D  62+02.7   -b47--0 

4 

-09. 81 

96. 23tU 

68.1 

4-06.1 

848 

D  62+06, 1    -848=0 

4 

-02. 80 

07. 8400 

71.  5 

-i-09.5 

849     , 

I)  62+09.5   -849=0 

8 

1         +04.53 

20. 52(i!' 

71.3 

-}-09.3 
[vvj 

84G    : 

D  62+09.3   -846-0 

8 

+  12.34 

151. 67:* 

=3371. 5017 

1,  fvvl 

=  224.766'^ 

&    l^   'J 

XonnaJ  equations. 

79.0  D  62-—       83.4  c  — 66216.0  =  0 
-  83.4  D  62^+  12937.4  e  +  54783.8  :^  0 

D62^=   839.42 
e=    -j- 1.177 
Wt.  of  D62^=      78.46 
AVt.  of  e  =  12849.35 

Mean  error  of  Dt  =  14.99 

Probable  error  of       D^^  10.11 

Probable  error  of  D  62^  =  01.71 1 

Probable  error  of  c=  00.134 


Appendix  J. — Instrume^^tal  constants  of  Troughton  and  Si.mms\s  kon-repe.itln«. 

THEODOLITE. 


lieport  of  Mr,  G.  Y.  Wiener,  Assistant  Engineer, 

Office  United  States  Lake-Survey, 

Detroit^  Mich.y  December  20,  1873. 
General  :  I  have  the  honor  to  submit  the  following  report  upon  the  determination 
of  the  instrumental  constants  of  the  Lake-Survey  Trou^ton  and  Simms's  non-repeatiDg 
theodolite.  The  instrument  has  a  14-inch  horizontal  circle,  reading  with  three  micro- 
meters to  single  seconds,  and  a  12-inch  vertical  circle,  reading  with  two  verniers  to  ten 
seconds.    The  horizontal  ciicle  is  divided  to  5',  and  the  vertical  to  10'.     Were  the  verti- 
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cal  circle  provided  with  micropieters  instead  of  verniers,  it  would  be  of  much  gi-eater 
vahie  where  accuracy  is  required  in  the  measurement  of  vertical  angles. 

The  telescope  is  24.5  inches  focal  len^b,  with  an  object-glass  2.24  inches  in  diameter, 
and  is  provided  with  an  illuminated  axis.  The  value  of  one  division  of  the  stridiug- 
level  was  found  to  change  with  temperature,  owing  to  the  glass  bulb  being  too  firmly 
set  in  the  brass  case.  Values  have  been  determined  at  different  temperatures,  varying 
from  14^  to  70^,  from  which  the  annexed  curve  was  plotted.  The  curve  indicates  that 
the  value  of  one  division  increases  uniformly  with  the  temperature.  The  values  were 
observed  on  different  parts  of  the  graduation,  and  are  apparently  uniform  throughout 
whole  length. 

The  telescope  was  revolved  through  90-  of  arc,  and  no  change  was  noted  from  irregu- 
larity of  pivotfl. 

The  eccentricity  was  found  by  reading  the  micrometers  for  every  ten  degrees  for 
whole  limb,  and  reducing  by  method  given  by  Chav^net.  The  power  of  the  eye-pieces 
was  determined,  in  combination  with  object-glass,  with  a  Ramsden's  dynameter. 

The  values  of  the  equatorial  intervals,  and  of  one  revolution  of  micrometer  to  teles- 
cope, were  determined  by  setting  on  threads  of  collimator  and  reading  of  the  corre- 
sponding arcs  from  horizontal  limb.  Each  value  is  the  mean  of  five  determinations. 
The  value  of  one  division  of  level  to  vertical  circle  was  obtained  from  readings  on 
vertical  circle,  (mean  of  ten.)  The  bulb  being  set  in  the  same  manner  as  that  of  tho 
striding-level,  it  will  pixibably  change  value  with  temperature.  All  tho  notes  from 
which  the  following  tables  were  formed  will  be  found  in  note-book  S,  581. 

Letting  A,  B,  and  C  be  the  readings  of  the  three  micrometers,  and  120° -f-i?,  and 
240^4-},  the  angular  distance  of  micrometers  B  and  C  from  micrometer  A,  then — 

KB-f  C)— A=.i  (>-f  ,H3  £  sin  (ZH-I") 

where  f  is  the  eccentricity,  P  the  reading  of  the  line  passing  through  center  of  limb 
and  axis,  and  Z  the  divi.'sion  under  micrometer  A**^ 

«  =  I'M,  P  =  24^  03'.  and  i  (y  -f  /?)  =  -S''.^-! 


00.. 

10.. 

•20  . 

30.. 

40.. 

.TO.. 

60.. 

70.. 

HO.. 

W.. 
100.. 
110.. 
1-20.. 

i:w.. 

140.. 
!.>()., 
IfiO., 
170., 


U  (B  f  O- A  '|t  mf  ,"p)j  R^'si'iual- 


4.3 
ry.3 
5.1 
5.4 
3.1 
4.5 

3.e 

4.0 

a.  6 
•2.8 
3.5 
2.2 
2.4 
2.9 
2.0 
3.0 
-2.3 


-3.5     1 

0.7 

3.7     i 

0.5 

4.0     ' 

1.3 

4.1     1 

1.0 

4.2    1 

1.2 

4.3 

1.2 

4.3 

0.2 

4.3 

0.5 

4.3     1 

0.3 

4.2     ' 

l.d 

4.1     j 

1.3 

3.9     1 

0.4 

3.7     1 

1.4 

3.5 

l.l 

3.2     ' 

0.3 

2,9     1 

0.9 

2.6    1 

U.4 

-2.4     ' 

0.1 

IPO. 

190. 

200. 
,  210. 
I  220., 
,1  230. 

210.. 

250. 

2»50. , 

270., 

290., 
300. , 
310.. 
3-20. 
330. 


I  340. 
I  350. 


I  h  (y  +  0)  -¥  ' 
MB +  C)-A '3-/3^5^^2;^)  Residual. 


■1.4     , 

-2.1 

0.7 

0.1     1 

1.9     , 

l.d 

0.8     1 

1.6 

O.ri 

3.3 

1.5 

1.8 

4.0     1 

1.4     , 

2.0 

2.4 

1.4 

1.0 

3.1     ' 

1.3 

1.8 

2.0     , 

1.3     1 

0.7 

2.3     1 

1.4 

0.9 

3.2     ' 

1.4 

1.4 

2.2     1 

1.5 

0.7 

2.2     , 

1.6     . 

0.6 

2.4     , 

1.9 

0.5 

2.5     ' 

•2.1     ' 

0.4 

1.6    1 

•2.4 

0.8 

2.1     , 

2.0     I 

0.5 

2.3     ' 

2.9 

O.G 

2.5     1 

-3.2     , 

0.7 

The  following  table  gives  values  of  constants : 

Diameter  of  horizontal  limb 145".0 

Diameter  of  vertical  limb 12"'.0 

Diameter  of  object-glass 2'".24 

Focal  length  of  telescope , 24'".5 

Eccentricity  of  horizontal  circle,  (toward  24^  53') 1".00 

Horizon tal  limb  reads  to  ( with  three  micrometers) 1".02 

Vertical  limb  reads  to  (with  two  verniers) 10".0 

Equatorial  interval  of  wires 1-3  =  7'  04".4 

Equatorial  interval  of  wires 2-3  =  3'  32".4 

Equatorial  interval  of  wires 4-3=3'  34". 1 

Equatorial  interval  of  wires 5-3  =  7'  07".4 

One  revolution  of  micrometer  to  telescope 8.5" .2 

One  division  of  level  to  vertical  circle 3".l 

Pivot  correction  (illuminated  ead  large) 0".G 

Power  of  telescope  with  direct  eye-piece  (1),  diameters 30 

Power  of  telescope  with  direct  eye-piece  (2),  diameters 46.1 

Power  of  telescope  with  direct  eye-piece  (3),  diameters 5:^6.2 
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%Nj     ^      ^     CQ      K      ^     V^ 

S    S    '^    ^     ^    ^    '^ 


1 


1^ 


Power  of  telescope   with   diagonal  eye- 
piece, diameters 27  .:i 

Power  of  magnifiers  on  vertical  circle, 

diameters f*.S 

Power  of  micrometers  to  horizontal  circle, 

diameters 40.0 

For  valueofstridiug  level  see  annexed  diagram. 
A'ery  respectfully  submitted. 

Geo.  Y.  WiSNER, 
Assistant  JLngimrr. 
General  C.  B.  Comstock, 

Superintendent  United  States  Lake  Surrey. 

The  following  curve  is  that  of  the  values  of 
the  striding  level  (Troughtou  and  Simms's  non- 
repeating theodolite)  obtained  from  ob8ervatiou> 
made  at  difterent  temperatures.  The  value  at  70 
degrees,  however,  is  not  very  reliable,  as  the  tem- 
perature was  changing  rapidly. 

The  value  at  14  de'grees  was  obtained  by  com- 
parison with  micrometer  of  zenith  telescope 
No.  19. 

That  at  25  degrees  was  determined  by  compari- 
son with  micrometer,  and  also  with  striding  level 
(new,  1.S73)  of  Troughton  and  Simms's  42-iucb  as- 
tronomical transit,  both  agreeing.  All  the  other 
values  are  from  comparison  with  striding  level  ot* 
Troughtou  and  Simms's  transit. 


^ 


^     C^     Qc     ^ 
S     ^-     '^     ^ 

'C 

^ 

w 

r 

1 

Appendix  K. — Results  of  meteorological  on- 

SEKVATIOXS. 

licjwrt  of  Mr,  O.  B.  Wheeler ,  Assitttant  Enginnr. 

Office  United  States  Lake  Survey, 

Detroit f  Mich.f  May  28,  187-1. 
Sir:  I  have  the  honor  herewith  to  submit  tin- 
results  of  the  reductions  of  the  observations  made 
at  the  three  meteorological  stations  Port  Aii>tiii 
and  Monroe,  Mich.,  and  Sacket's  Harbor,  N.  Y..  tor 
the  year  1873. 
The  tables  herewith  appended  give — 
1st.  The  number  of  observations  of  wind  from 
the  different  points  of  the  compass,  and  also  the 
total  number  for  months  and  year. 

2d.  The  resultant  direction  of  the  wiud  for  eadi 
month  and  season,  and  for  the  year. 

3d.  The  maximum,  minimum,  and  mean  baro- 
metrical prewMure  for  each  month  and  season,  and 
for  the  year,  reduced  to  32  -  temperatnre  Fahren- 
heit, but  uncorrected  for  elevation.  The  barome- 
ters remain  at  the  same  elevations,  resi»ectively, 
as  reported  in  the  Annual  Report  for  lc<72. 

4th.  The  maximum,  minimum,  and  mean  ter!- 
perature  for  each  mouth  and  season,  and  for  ti.^* 
year. 

r)th.  The  mean  amount  of  cloudiness  for  montI>. 
seasons,  and  the  year. 

Gtli.  The  total  amount  of  rain  or  melted  kuo\v 
for  months,  seasons,  and  the  year. 

7th.  The  mean  amount  of  humidity  for  months, 
seasons,  and  tlie  yfar. 

\'ery  respectfully,  your  obedient  servant, 
O.  B.  Wiikelkr, 
.infiiHtant  Eft<jnnn\ 
(Wneral  C.  15.  Comstock, 

Major  of  Eufjiuvn'H,  V.  S.  A., 

Supt,  L'uiUd  States  Lakr  Surrey. 
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Fort  Austin,  MicnifJAN. 
Xumher  of  oheervatione  of  tcindfrom  different  points  of  compass,  1873. 


Months. 


January... 
February . . 
March  ..*... 

April 

May 

June 

July 

AugUHt 

Sfptciuber. 

()ctob**r 

Novomher . 
December  . 

Sum  . 


0 
8 
8 
8 
4 
6 
8 
9 
10 
17 
3 


87 


X.E. 


E. 


S.£. 


13 

5 
6 
18 
24 
13 
16 
29 
3 
3 
5 
4 


138 


4 

9 

8  ; 

8 

1 

4 

14  < 

8 

10  1 

15 

14 

3 

4 

3 

7 

4 

7 

5 

3  1 

11 

7  1 

2 

2 

11 

81     I        83 


s. 

S.W. 

15 

21 

8 

32 

12 

25 

4 

9 

4 

9 

15 

13 

10 

13 

22 

7 

19 

23 

16 

25 

11 

20 

5 

31 

141 

228 

W.     I  N.  W. 


Calms. 


7 

17  . 
12  1 
12  I 
11  I 
11  > 
13 

2 

4 

6     , 


14    ! 

®    I 
16 

1?    I 

1^    I 
17 

21    I 
14 


3 

0 
4 
4 
5 
10 
9 
5 
2 
0 
1 
5 


No.  of 

obaerva- 

tious. 


92 
f4 
8H 
WJ 
92 
86 
85 
91 
HJ> 
91 
88 
91 


115    I 


142 


48 


Monroe,  Michigan. 
yumher  of  observations  of  tcind  from  different  points  of  compcus,  1873. 


Months. 


•Tan  nary  — 
February . . . 

March 

April I 

May 

June 

July 

August 

September.. 

OctolHT 

N"ovember  . . 
iJecembtT.  . 

Sum... 


, 

1 

No.  of 

'   N. 

1 

N.E. 

E.   1 

1 

S.E. 

S. 

S.W. 

W. 

N.W. 

Calms. 

ob»erva 
tions. 

!   11 

9 

11 

8 

14 

22 

12 

6 

0 

93 

4 

17 

3 

5 

5 

'    21 

18 

3 

0 

76 

5 

9 

7 

5 

12 

19 

21 

15 

0 

93 

1    6 

25 

9 

7 

5 

19 

8 

11 

0 

90 

9 

36 

6 

8 

9 

16 

6 

3 

0 

93 

4 

19 

6 

12 

13 

18 

7 

1    3 

8 

90 

10 

17 

3 

3 

9 

21 

9 

1    ^ 

8 

86 

9 

20 

6  1 

9 

7 

16 

6 

1    7 

13 

!>3 

13 

12 

»  i 

6 

10 

23 

5 

6 

6 

90 

6 

12 

7  1 

5 

13 

27 

10 

8 

5 

93 

5 

16 

7  1 

5 

7 

22 

11 

10 

7 

90 

4 

14 

^    1 

5 

11 

27 

15 

7 

3 

92 

66 

206 

80  1 

78 

113 

251 

128 

83 

50 

1.079 

Sacket's  Harbor,  New  York. 
Kumher  of  observations  of  wind  from  different  points  of  compass^  1873. 


Mouths. 


.T.Tiinary  ... 
I«'ebrnary  . . 
Marcli  .!... 

April 

May 

.Juno 

.Inly 

Aiijrnst 

Soptoinber . 

October 

^<»vf»niber  . 
DcH- ember  . 

Sum.. 


1 

No.  of 

X. 

N.E.  j 

E. 

S.E. 

s. 

S.  W. 

W. 

;s.w. 

1  Calms. 

1 

observa- 
tions. 

5 

21  1 

4 

2 

17 

12 

13 

7 

12 

93 

2 

19  ' 

1 

4 

15 

12 

14 

5 

12 

.M4 

3 

17 

3 

3 

^^ 

10 

19 

7 

8 

JJ3 

7 

27  ' 

6 

3 

6 

10 

14 

6 

11 

90 

4 

13 

2 

0 

27 

13 

15 

3 

15 

!^2 

1 

13  ( 

5 

3 

24 

20 

11 

4 

8 

«♦ 

3 

M 

4 

7 

25 

26 

12 

1 

3 

f<!< 

2 

18 

11 

5 

21 

11 

12 

4 

3 

f<7 

3 

2 

5 

1 

:n 

11 

19 

6 

1 

i*^ 

8 

14 

2 

4 

29 

12 

12 

9 

^ 

93 

12 

28  . 

9 

6 

6 

10 

7 

9 

\         3 

90 

5 

22  , 

6 

1 

21 

12 

14 

7 

,    5 

93 

55 

20-2  ' 

5=) 

4.-. 

245 

159 

162 

68 

84 

1,07« 



. 



._ 

_  _ 

_ 



_  _  _ 
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Resultant  direction  of  the  wind  for  each  month  and  season,  and  for  the  year  1873. 


MoDths,  seasons,  and  year. 


January 

Ftbniary 

March 

April 

May 

Jnne 

July 

Auf^ust 

September 

October 

November 

December 

SRASOX 

Spring 

Summer 

Antnmn  

Winter  of  1S7'2  and  lf73  ... 

YEAK. 
Ie73 


Port  Austin. 


y. 

'24^  AV. 

s. 

5G=>  W. 

X. 

36^  W. 

N. 

3^    E. 

X. 

603    E. 

X. 

12^  W. 

X. 

4€P  -W. 

X. 

30^    E. 

X. 

4P  W. 

X. 

2tP  W. 

X. 

V.Y^  W. 

s. 

le-  W. 

X. 

10^  w. 

X'. 

P  w. 

X. 

e-i^  w. 

X. 

7P  w 

X. 

30^  W. 

Monroe. 


S.   40-  W. 

S.    S4-  W. 

s.  773  W. 

X^  05^  E. 
X.  63  3  E. 
S.  3r=  E. 
X.  8P  W. 
X.  43^  E. 
8.  28^  W. 
.<.    37=  W. 

s.  533  W. 
s.  373  W. 


X.  573  W. 

X.  ?P  E. 
S,  36'  W. 
S.    69-^  W. 


S.    47-  W. 


Socket's  Harbor. 


r 


s.  33-  w. 

S.  67"  W. 

s.  5.=  vr. 

X.  t?P  w. 

S.  36=  W. 

S.  41^  AV. 

S.  44:  W. 

S.  26-  TV'. 

S.  4P  W. 

S.  43"  W. 
X.  7f    W. 

S.  €(P  AV. 


S.  5fi-  AV. 

S.  41=  W. 

S.  50-  W. 

S.  69     W. 


S.    52-  W. 


Maximum  J  minimum,  and  mean  haromttrical  prenbure  for  each  month  and  season,  and  for  tht 

year  ltJ73. 


Moutlia,  seasoDi",  and  year. 


January 

February , 

March 

AprU 

May 

Juno 

July 

Aof^ist 

September , 

October 

Xovember 

December 

SEASON. 

Spring 

Summer 

Autumn 

Winter  of  1872  and  1873  . . 


YEAU. 


1873. 


Kange. 


Port  Austin. 

Monroe. 

Saeket's  Harbor. 

S 

a 

s 

a 

a     '     s 

s 

§ 

a 

? 

S 

a 

a 
9 

a 

a 

i 

^ 

u 

« 

SI                 •^ 

& 

s        a 

^ 

S 

?^ 

^ 

a    ,    s 

s 

29.747 

2R  745 

29.  306 

29.  776 

28.740 

29.341 

30.182 

29.118 

«.... 

29.716 

2a  722 

29.2e8 

29.  7P2 

28.  843 

29.  315 

30. 219 

28.  9h5 

29.  64« 

29. 933 

28.175 

29.  265 

29.962 

28.738 

29.297 

30.329 

28.635 

29.5{»7 

29.  643 

28.761 

29.288 

29.503 

28.755 

29. 269 

29. 933 

29.230 

29-614 

29.^37 

28.  e82 

29.296 

29.774 

28. 912 

29.  297 

30.132 

29. 119 

29.  tv-.-. 

29.  695 

28.860 

29.  301 

29.  808 

28.  899 

29.334 

30.061 

29.260 

2t».«^7 

29.577 

29.018 

29.352 

29. 619 

29. 098 

29.366 

29.923 

29.358 

29.  673 

29.779 

29.115 

29.  426 

29.730 

29.137 

29.  427 

30.045 

29.515 

29.7tl 

29.  795 

28.907 

29.  369 

29.761 

29. 052 

29.411 

30.129 

29.318 

29.7l«« 

29.h70 

28.2«7 

29.348 

29.759 

28.  751 

29.  387 

.30. 249 

29.051 

29.  72- 

29.923 

28.  724 

29.  356 

29.  901 

28.703 

29.310 

30.364 

28.816 

29.6^-. 

29.  e99 

28.654 

29.  412 

29.  852 

28.  828 

29.  445 

30.406 

29.153 

29.77^2 

29.933 

28.175 

29.283 

29.  962 

28.738 

29.288 

30.329 

28.635 

».63iJ 

29.779 

28.  860 

29.360 

29.  808 

28.899 

29.376 

30.061 

29.260 

,    29.7m 

29.923 

28.2?7 

29.  3.')8 

29.  901 

2f .  703 

29.369 

30.364 

28.816 

'    29.&»1 

29.  849 

28.  722 

29.412 

29.  886 

28.740 

29.372 

30.2c3 

28.9155 

2S.7iie 

29.933 

28.175 

29.334 

29.962 

28.703 

29.350 

30.  406 

28.635 

1    29.685 

1. 

758 

1. 

259 

!         1- 

771 

1 
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Maximum,  minimHmj  and  mean  temperalure  for  each  month  and  season,  and  for  the  year  1873. 


Months,  aeaHons.  and  yoar. 


January — 
February... 

March 

A  pril 

May 

Juno 

July 

Aujjii.«»t 

Si'i)tember  . 

October 

N  ovfinbcr.' . 
December . . 


»EASnX. 


^'Prmg 

Summer 

Autumn  

Winter  of  Uli  and  1-73  . .. 


YEAU. 


1873  . 


RaDj;e. 


Port  Anstin. 

Monroe. 

Sacket'8  Harbor. 

9 

a 

i 

a 

9 

1 

§ 

S 

S 

§ 

a 

a 
'.a 

i 

a 

•g 

s 

i 

el 

99 

c8 

.? 

0^ 

^ 

^ 

1^ 

>l 

1^ 
! 

S 

P. 

s 

1^ 

44 

0 

18.1 

53 

1 
t 

—26.5 

20.1 

51 

0 

18.2 

o'i 

•21.0 

58 

—  9 

25.6 

45 

0 

20.5 

54 

0 

a9.2 

59 

—  0 

30.6 

50 

0 

27.1 

61 

13 

38.7 

71 

•28 

43.2 

59 

20 

38.7 

71) 

33 

51.5 

87 

34 

58.0 

82 

27 

52.8 

9-2 

34 

66.  7 

96 

39 

72.5 

88 

42 

64.9 

90 

50 

70.9 

96 

50 

74.0 

86 

48 

69.1 

8:> 

:ri 

70.1 

93 

5-2 

73.8 

83 

45 

67.4 

yi'y 

40 

00.fi 

91 

35 

6^2.7 

86 

34 

60.8 

7ri 

27 

47.6 

79 

•2-2 

47.6 

76 

21 

48.5 

.hi 

11 

31.5 

57 

4 

32,3 

54 

0 

27.5 

30 

14 

31.3 

57 

10 

31.4 

50 

—4 

29.0 

79 

0 

39.8 

87 

—  9 

43.9 

82 

0 

39.5 

9-1 

34 

69.2 

96 

39 

73.4 

88 

42 

67.1 

H5 

•i7 

46.9 

91 

4 

47.5 

86 

0 

45.6 

55 

-1-2 

19.5 

58 

-26.5 

21.5 

51 

—42 

18.4 

'          9-2 

-7 

41.8 

96 

'  —26.5 

47.7 

88 

—4 

43.7 

1              99 

12-2.5 



9. 

Mean,  amount  of  cloudiness  from  0  (clear  sky)  to  10,  for  months,  seasons,  and  year,  for 

year  1873. 


Stations. 


Port  Austin 

Monroe 

Sacket's  Harbor  . . . 


>.      ?' 


!  2     I 


2 

it 


7.  7   3.  4   5.  9   6.  5'  3.  4 

I  7.  4    5.  0,  4.  8    5.  HJ  3.  h 

8.0   6.3    4.6,  7.3   5.3 


u 

^ 

a 

u 

V 

? 

>i 

& 

% 

'o 

^ 

^ 

"^ 

^ 

6 

2.9 

3.0 

2.9 

4.2 

5.1 

2.7 

3.4 

3.1 

4.0 

4.7 

4.8 

5.  9 

5.7 

5.4 

6.6 

111 


7.0'  6.91 

5.  7l  6.  4' 


.3'  2.9, 
4.81  3.1 


5.4'  5.3 

4.8   5.9 


8.61  8.2       5.7,  5.5'      6.  9i  7.5 


4.9 
4.7 

6.4 


Total  amount  of  rain  or  melted  snow,  in  inches,  for  months,  reasons,  and  year,  for  the  year  1873 


Stations. 


1 


li: 


s  ,  p. 

<;  1  ^ 


.le 


3 

^ 


-\- 


Port  Anstin '3. 34  0. 24  1. 61 .5. 18'  1. 89  3. 26  1.  55  1.  31  .=».  21 

Mojirwi '4. 37'1.  30  3. 58  4.  173. 94  3. 26  2. 22  0.  962.  43 

Sacket's  Harbor 4. 50  1. 34,6. 72  3. 44,1. 10  1.  42  4. 18  2.  87:2. 20 

I    1    ;    I    I    '    ,    !    I 


a 


6.22;2.76  1.18!  8.68  6.12 
2.031.86  4.40  ll.69'6.44 
5.30,2.84  2.70    11.2618.47 

I'll 


-r^ 

£ 

s 

"« 

a 

2? 

9 

< 

^ 

14. 19 

5.38 

6.32 

7.62 

10.34 

7.96 

33.  75 
34.61 
38.61 


Mean  amount  of  humidity  for  months,  seasons,  and  year,  (saturation  1.000,)  for  the  year  1873. 


Stations. 


Port  Anstin 

Monroo 

Sacket's  Harbor . 


p  I  ® 
'A   1  0 


.  834'.  810'.  772 .  752 .  699'.  668 .  701 .  715'.  691 ,.  728 .  779'.  787 
.'.  785 . 7-27 .  672'.  702l.  6901.  670 .  691'.  677 .  676  .  713,.  689'.  765 
. '.  848 .  842 .  852'.  774;.  667L  651 .  718'.  715 .  683'.  701 .  714  .  764 


.  741 .  695 

-  688 .  679 


>!. 

.    •'£ 

i  ii 

^ 

s    5 

2 

^  p: 

h 

1 
.  733'.  802 

.745 

,  693 .  750 

.705 

.  699 .  840 

1 

.744 
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Appendix  L. — Charts  issued. 
Table  showing  the  annual  issue  of  charts  of  the  Xorthern  and  Xorihtcesicrn  Lakes. 

Prior  to  October  1, 1857 2,500 

October  1,1857,  to  October  1,1858 1,675 

October  1,1858,  to  October  1, 1859 2,600 

October  1, 1859,  to  October  1, 1860 •. 4,890 

October  1, 1660,  to  October  1, 1861 3,254 

October  1,1861,  to  October  1,1862 5,245 

October  1,1862,  to  October  1,1863 4,084 

October  1, 1863,  to  October  1, 1864 3,283 

October  1, 1864,  to  October  1, 1865 2,589 

October  1, 1865,  to  October  1, 1866 2,082 

July  1, 1866,  to  July  1, 1867 5,464 

Julv  1, 1867,  to  July  1, 1868 6,354 

July  1, 1868,  to  July  1, 1869 5,634 

July  1, 1869,  to  July  1, 1870 4,597 

July  1,1870,  to  July  1,1871 5,328 

July  1,1871,  to  July  1,1872 3,649 

Julvl,1872,to  July  1,1873 5,546 

July  1, 1873,  to  July  1, 1874 7,701 

Lint  of  tracings  from  original  Lake  Survey  Charts  furnished  from  July  1, 1873,  to  July  1, 1874* 


To  whom  famished. 


Date. 


J. 


Locality. 


Mf^j.  D.  C.  Houston  . 
Mflj.  D.  C.  Houston  . 
William  T.  Casgrain . 


July  26.18r} 
Aug.  21, 1873 
Sept.  527, 1873 

Maj.  D.  C.  Houston '  :Nov.    3,1873 

Mi^i.  G.  Weitzel i  April  9,1874 

Maj  .G.  Weitzel April  9,1874 

Maj.  G.  Weitzel June  29, 1874 


Grand  Marais  Harbor,  Lake  Superior. 
Grand  Portaise  Bay,  Lake  Sup<*rior. 
Vicinity  of  Sturg«on  Bay  Canal. 
Grand  Marais  Harbor,  Lake  Superior. 
Mauiton  Island,  Lake  Superior. 
Huron  Islands.  Lake  Superior. 
Portion  of  Siskiwit  Bay.  Isle  Royale, 
Lake  Superior. 


APPENDIX  DD. 


ANNUAL  REPORT   OF  MAJOR  G.  L.  GILLESPIE,  CORPS  OF 
ENGINEERS,  FOR  THE  YEAR  ENDING  JUNE  30,  1874. 


SURVEY  OF  THE  BATTLE-FIELDS  IN  THE  SHENANDOAH  VALLEY, 

GINIA. 


VIR- 


HEADQUARTEKS  MlLl'l'ARY  DIVISION   OF   THE   MISSOURI, 

OFFICE   OF  THE   CHIEF  ENGINEER, 

ChicagOy  III,,  August  25,  1874. 

General  :  I  have  the  honor  to  submit  herewith  my  aunaal  report  on 
the  survey  of  the  battle-fields  in  the  Shenandoah  Yalley,  for  the  fiscal 
year  ending  June  30,  1874. 

The  field-work  of  the  surveys  in  the  Shenandoah  Yalley,  with  which 
I  was  charged  by  Special  Order  46,  Headquarters  Military  Division  t)f 
the  Missouri,  May  7,  1873,  was  completed  in  October,  1873.  3Iy  parties 
were  then  discharged,  retaining  one  assistant ;  and  in  obedience  to 
Special  Order  No.  78,  Headquarters  Military  Division  of  the  Missouri, 
September  9,  1873,  my  office  was  transferred  to  Chicago. 

In  February  the  topography  of  the  maps  was  completed,  and  having 
r<H*LMve(l  verbal  instructions  from  theLieutenant-General  to  indicate  upon 
tlie  ]iiaps  the  positions  and  principal  movements  of  the  contending 
forces  during  the  engagements,  I  opened  a  correspondence  with  all  the 
accesvsible  commanders  of  tlie  corps  and  divisions  constituting  the  Army 
of  the  Slieiiandoah  ;  and  with  Major  Jed.  Hotchkiss,  late  chief  engineer 
on  the  stall"  of  General  Early,  commanding  the  confederate  forces  in  the 
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Sbenandoali  Valley,  with  the  view  of  acquiriog  more  detailed  informa- 
tion relative  to  special  movements  than  was  contained  in  official  reports. 

While  acknowledging  a  disposition  on  the  part  of  all  from  whom  1 
received  replies  to  contribute  to  the  end  in  view,  with  but  few  excep- 
tions the  actual  information  received  was  meager  and  unreliable,  con- 
flicting in  many  cases  with  official  reports. 

]My  communications  contained  a  general  review  of  the  operations,  and 
were  accompanied  by  accurate  sketches  of  the  ground  on  a  suitable 
scale  for  ready  comprehension,  but  for  reasons  which  I  can  only  ascribe 
to  lack  of  memory,  or  to  imperfect  comprehension  of  a  topographical 
sketch,  but  little  available  detail  was  gained.  I  then  deemed  it  best  to 
print  the  maps  at  once,  using  first  only  such  information  as  was  clearly 
and  unmistakably  indicated  in  the  official  reports  or  was  gained  from 
other  reliable  sources,  leaving  the  residue  to  be  added  as  it  could  be  ob- 
tained subsequently. 

I  desire  to  express  my  thanks  to  Major  Hotchkiss,  of  General  Early's 
staff,  for  his  courtesy  in  giving  locations  and  movements  of  the  confed- 
erate troops. 

Early  in  April  an  arrangement  was  entered  into  with  a  lithographer 
in  Xew  York  City  for  printing  two  hundred  copies  of  each  of  the  sheets. 
Those  of  Winchester  and  Waynesborough  have  been  received  at  this 
office,  and  those  of  Cedar  Creek  and  Fisher's  Hill  will  be  received  at  an 
early  day. 

Amount  aTailable  June  30,  1873 $4,81^  71 

Amount  allotted 2,500  00 

7,397  71 
Amount  expended 7,  IW3  00 

Balance  returned  to  the  Treasury 14  71 

Kespectfully  submitted. 

G.  L.  Gillespie, 
•  Major  of  Engineers, 

Brig.  Gen.  A.  A.  HumI^hreys, 

Chief  of  Engineers^  U.  S.  A. 


APPENDIX   EE. 

ANNUAL  EEPORT   OF   MR.  CLARENCE   KING,  GEOLOGIST, 
FOR  THE  FISCAL  YEAR  ENDING  JUNE  30, 1874. 

GEOLOGICAL  EXPLORATION  OF  THE  FORTIETH  PARALLEL,  FROM 
SIERRA  NEVADA  TO  THE  EASTERN  SLOPE  OF  THE  ROCKY  MOUNT- 
AINS. 

U.  S.  Geological  Exploration  of  the  40Tn  Parallel, 

^^€^o  York,  ^September  20,  1874. 

General:  I  have  the  honor  to  present  herewith  a  brief  annual 
report  of  the  operations  of  the  geological  exploration  of  the  fortieth 
parallel,  under  my  charge,  from  July,  1873,  to  the  present  time. 

My  corps  of  assistants  has  consisted  of  two  geological  assistants,  one 
topographer,  a  clerk  during  one  month,  (July,  1873,)  one  messenger,  and 
one  microscopical  assistant,  the  latter  from  April  last  to  the  present 
time. 
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FIELD-WORK. 

The  only  field-operation  undertaken  during  tbe  year  was  a  recon- 
iioissance-journey,  made  by  me  in  tlie  aatamn  of  1873,  and  extending 
from  Sei)tember  2  to  December  13.  During  that  journey  I  visited  and 
examined  the  White  Mountain  Eange  in  California,  with  its  important 
ancient  rocks  and  mining  districts.  Also  the  mining  regions  of  Pioche, 
Bamilton,  Eureka,  Austin,  and  Toyase,  all  in  Nevada:  the  first  locality 
for  pure  geological  research,  and  all  the  Nevada  localities,  to  study  the 
dependence  of  mineral  districts  on  local  geology.  The  results  of  thest* 
examinations  were  admirably  satisfactory,  but  cannot  be  intelligently 
treated  within  the  necessarily  narrow  limits  of  a  report  like  this.  It  may 
be,  however,  generally  stated  that  the  Silurian^  and  probably  the  Achwauj 
formations  were  recognized  in  California,  and  that  the  comparative 
study  of  the  mining  districts  has  developed  a  most  interesting  classifi- 
cation, dependent  upon  wide  geological  causes. 

TOPOGRAPHY. 

During  the  year,  all  the  series  of  topographical  maps  (proper)  liave 
been  completed  on  a  scale  of  4  inches  to  the  mile.  The  last  plats  were 
reduced  to  the  common  scale,  and  the  hill-draughting  completed.  This 
series  consists  of  ten  sheets,  each  2()J  inches  by  203  inches,  neat-line 
measurement,  representing  a  continuous  belt  of  couutry  from  the  one 
hundred  and  fourth  meridian  to  the  one  hundred  and  twentieth. 

Along  the  fortieth,  forty -first,  and  forty-second  parallels  of  latitude, 
the  hill-work,  instead  of  hachures,  is  represented  by  brush-shading  with 
an  oblique  light,  and  is  intended  to  have  this  effect  reproduced  in  Htlio- 
graphic  crayon-ink,  that  being  the  only  means  within  the  limits  of  our 
hinds.  One  of  these  ten  sheets  has  been  in  the  hands  of  Mr.  Julius 
liien  for  eight  months  and  is  now  being  i)roved. 

I  have  delayed  this  report  until  now,  hoping  for  weeks  to  be  able  to 
accompany  it  by  a  specimen  proof-sheet,  but  1  shall  be  unable  to  for- 
ward it  for  ten  days  yet.  I  can  only  say  that,  judging  from  the  stone 
and  preliminary  proofs,  a  very  creditable  result  may  be  expected. 

Tlie  ten  companion  sheets  of  grade  curve  topography,  designed  k#  l»e 
the  basis  for  geological  maps,  are  also  engraved,  and  are  now  receiving 
their  lettering  and  altitudes,  and  are  undergoing  correction  for  engraver  s 
errors  in  grade-curve  work.  They  are  on  the  same  scale  as  the  toiH>- 
gniphical  maps.  Upon  these  we  are  coloring  the  geological  formations, 
and  upon  them  finally  will  be  printed  the  geological  charts. 

The  original  plats  of  field-work,  on  a  scale  of  two  miles  to  the  inch, 
have  all  been  put  in  order  to  go  on  record  at  the  Engineer  Department. 
Such  as  in  the  first  instance  were  not  on  good  permanent  paper  are  now 
transferred  to  new  sheets,  and  the  whole  series,  although  ready  to  be 
transmitted  to  headquarters,  are  retained  here  at  i)resent  for  reference. 
Should  the  specimen-sheet  of  topogi^apliy  prove  satisfactory,  it  is  ex- 
pected that  four  engravers  will  be  at  once  put  on  the  remaining  nine 
sheets,  and  that  all  may  be  completed  in  ten  months. 

GEOLOGY. 

The  preparators'  work  for  the  two  geological  volumes  has  gone  on 
uninterruptedly  during  the  year,  consisting  of  chemical  analysis,  micro- 
scopic study  of  the  sedimentary  rocks,  (paleontology  preparation  of  rock- 
slides  for  examination  under  transmitted  light,)  and  preparation  of 
illustrations. 
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CHEMISTRY. 

There  are  uow  completed  studies  of  the  chemistry  of  the  thermal  and 
saline  waters  of  our  Great  Basin  region  ;  also  of  the  numerous  alkaline 
deposits  of  Navada  and  Utah,  (within  our  limits,)  many  of  which  are  of 
commercial  value.  * 

Analyses  have  also  been  inade  of  the  tufaceous  deposits^of  the  lake 
terraces  of  Pyramid  and  Salt  Lakes,  illustrative  of  the  condition  of 
the  linie-charg:ed  lakes,  of  which  the  present  sheets  of  water  are  but 
shrunken  relies.  We  are  now  engaged  upon  silicate  analysis,  de- 
signed to  settle  certain  difficult  points  in  the  composition  and  classifica- 
tion of  the  crystalline  rocks.  These  latter,  necessarily  the  slowest  of  all 
our  chemical  work,  are,  however,  progressing  as  rapidly  as  possible,  and 
will  be  continued  during  the  present  year.  When  assembled  the  whole 
chemical  work  will  be  found  to  touch  only  such  points  as  are  quite 
necessary  for  the  intelligent  description  of  localities.  The  whole  amount 
of  analytical  work  might  have  been  profitably  devoted  to  single  divisions 
of  our  study,  and  although  it  may  seem  large  in  the  aggregate,  chemical 
inquiry  has  only  been  directed  to  the  few  necessary  problems. 

3IICROSCOPIC   STUDY. 

Twelve  hundred  illustrative  slides  (or  thin  sections)  of  typical  species 
and  varieties  of  rocks  have  been  made  within  the  year,  and  are  now 
being  actively  studied.  This  branch  of  investigation  is  one  of  the  newest 
additions  to  geological  study,  but  has  become  essential  wherever  a  con- 
siderable variety  of  crystalline  rocks  are  to  be  classified.  This  is  pecu- 
liarly the  case  in  the  treatment  of  a  region  so  rich  in  varied  volcanic 
products  as  ours.  Although  our  studies  have  commenced  but  recently, 
important  observations  have  already  been  made. 

Together  with  the  chemical  results,  this  microscopical  work  is  enabling 
us  to  identify  the  whole  of  our  collection  of  rocks  with  the  known 
petrographic  types  of  Europe,  a  labor  not  hitherto  attempted  in  this 
country  on  any  considerable  scale.  In  this  I  am  now  receiving  the 
cooperation  of  Dr.  Ferdinand  Zirkel,  professor  of  geology  in  the  Uni- 
versity of  Leipzig,  the  most  eminent  authority  in  Europe.  He  is  exam- 
ining with  us  the  crystalline  rocks,  and  Dr.  Wright  is  at  work  upon  the 
microstructure  of  tlie  sedimentary  rocks. 

As  authorized  we  have  imported  a  first-class  binocular  lithological 
microscope,  with  com])lete  accompanying  appliances  for  polarization  and 
spectr()Scoi)ic  work.  This  instrument,  selected  with  much  care  by  Mr, 
S.  F.  Emmons,  in  England,  proves  admirably  adapted  to  our  needs. 

PALEONTOLOGY. 

The  unhappy  failure  of  Prof.  B.  F.  Meek's  health  has  caused  me  much 
delay  and  anxiety  as  to  a  completed  paleontological  report.  The  fossil 
material  not  already  worked  up  by  Meek  was,  in  July  last,  given  to 
Messrs.  Hall  and  Whitfield,  of  Albany,  who  promise  to  bring  their  work 
to  a  close  in  October.  As  soon  thereafter  as  theii*'  few  illustrations  are 
lithographed,  the  volume  IV,  already  more  than  half  in  type  can  be 
rapidly  brought  out. 

GEOLOGICAL  ILLUSTRATIONS. 

The  preparation  of  geological  maps  and  illustrations  has  been  and  is 
now  pushed  as  rapidly  as  possible.  They  consist  of  the  ten  atlas  geo- 
logical maps  of  views  of  interesting  geological  objects  and  localities 
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now  being  put  upon  stone,  besides  relief  and  orographical  diagrams  and 
stratigraphical  sections.  The  latter  will  progress  pari  passu  with  the 
text,  and  are  now  under  way.  A  series  of  eleven  colored  plates  are  also 
in  progress,  illustrating  important  geological  views  in  which  color  plays 
an  importfyit  part.    They  are  to  be  chromo-lithographed  for  volume  I. 

GENERAL. 

It  will  require  six  or  eight  months  more  to  complete  the  preparation 
of  all  the  detailed  work  necessary  for  the  final  reports  and  their  illus- 
tration. The  entire  past  year  has  been  devoted  to  this  labor,  and  we 
are  now  able  to  look  forward  to  a  speedy  completion  of  all  the  pre- 
liminary questions  undertaken  by  us.  With  the  cheuiistry,  microscopy, 
paleontology,  and  | illustrations  all  off  our  hands  there  will  remain  only 
to  complete  the  text,  the  least  laborious  and  time-consuming  part  of  our 
long  research.  It  is  my  hope  and  intention  to  have  everything  com- 
pleted within  a  year  from  this  time,  and,  if  possible,  printed. 
Very  respectfully,  your  obedient  servant, 

Clarence  King, 

Geologist  in  Charge, 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  U.  &  Army. 


APPENDIX  FF. 

ANNUAL  REPORT  OF  LIEUTENANT  GEORGE  M.  WHEELEK, 
CORPS  OF  ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING 
JUNE  30,  1874. 

GEOGRAPHICAL  EXPLORATIONS  AND  SURVEYS  WEST  OF  THE  ONE  HUN- 
DREDTH MERIDIAN,  IN  CALIFORNIA,  NEVADA,  UTAH,  ARIZONA,  COLO- 
RADO, NEW  MEXICO,  WYOMING,  AND  MONTANA. 

Seasofi's  operations. 

United  States  Engineer  Office, 
Geographical  Explorations  and  Surveys 
West  of  the  One  Hundredth  Meridian, 
Washington,  D.  C,  June  30,  1874. 
General:  I  have  the  honor  to  submit  the  following  annaal  report 
upon  geographical  explorations  and  surveys  west  of  the  one  hundredth 
meridian,  in  California,  Nevada,  Utah,  Arizona,  Colorado,  New  Mexico, 
Wyoming,  and  Montana  for  the  fiscal  year  ending  June  30, 1874. 

Toward  the  close  of  the  last  fiscal  year,  the  expedition  of  1873  had 
taken  the  field  in  three  separate  divisions  from  Salt  Lake  City,  Utah, 
Denver,  Col.,  and  Santa  F6,  N,  Mex. 

The  Salt  Lake  division,  under  Lieut.  R.  L.  Hoxie,  Corps  of  Engineers, 
crossed  the  Colorado  Eiver  near  the  mouth  of  Paria  Creek,  emerging 
upon  the  mesa  to  the  southward,  in  bhe  vicinity  of  El  Vado  de  los 
Padres;  from  thence  making  its  way  to  the  southward,  joined  the  south- 
ern or  main  division,  operating  in  the  territory  in  New  Mexico  and  Ari- 
zona but  little  known,  lying  between  the  thirty-fifth  and  the  thirty-sec- 
ond parallel  after  it  had  completed  the  duties  assigned  to  it  in  atlas 
rectangles  50  and  59. 
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Each  division  was  accompanied  by  a  small  escort.  These  escorts 
were  (with  the  exception  of  one  corporal  and  six  men,  with  Lieutenant 
Hoxie,  detailed  from  the  military  department  of  the  Platte,  General  E. 
O.  0.  Ord  commanding)  drawn  from  the  military  department  of  the  Mis- 
souri, General  John  Pope  commanding,  the  larger  portion  of  the  latter 
having  been  detailed  from  the  military  district  of  New  Mexico,  Col.  J. 
Irwin  Gregg  commanding.  These  escorts  were  distributed  among  the 
several  working  field-parties,  and  were  in  numbers  sufficient  only  for  the 
protection  of  the  lives  of  the  members  of  the  expedition  and  for  guarding 
the  public  property.  The  necessary  number  of  guides,  packers,  herders, 
laborers,  &c.,  accompanied  the  expedition. 

The  Denver  division,  or  Colorado  party,  under  Lieut.  W.  L.  Marshall, 
Corps  of  Engineers,  was  occupied  for  the  entire  season  in  Colorado,  and 
completed  most  successfully  the  duties  assigned  to  it  in  that  field. 

Executive  reports  submitted  by  Lieutenants  Hoxie  and  Marshall  are 
herewith. 


Report  0}  Lieut  R.  L,  HoxiCj  Corps  of  En^neers. 

United  Stated  Engineer  Office, 
geoaraphical  explorations  and  surveys 

West  of  One  Hundredth  Meridian, 

WashingtoUj  D.  C,  January  1,  1874. 

Sir  :  1  have  the  honor  to  submit  the  following  executive  report  of 
operations  under  my  charge  during  the  field  season  of  1873 : 

The  party  to  which  I  was  assigned  as  executive  officer  in  charge  was 
organized  at  Salt  Lake  City,  Utah,  and  consisted  of  Gilbert  Thompson, 
topographer;  Edwin  E.  Howell,  geologist;  William  Somers,  meteorol- 
ogist; Alexander  Brown,  odometer  recorder;  one  cook,  one  cargadore, 
and  four  packers,  with  an  escort  of  one  sergeant  and  five  privates  from 
the  military  Post  of  Beaver,  Utah. 

The  party  left  Salt  Lake  City  on  May  30th,  and  operated,  until  Septem- 
ber 7th,  east  of  the  Wahsatch  Mountains,  in  Castle  Valley,  working  its 
way  southward  to  the  Colorado  Eiver,  over  the  western  part  of  Castle 
Valley,  the  portion  of  country  required  to  complete  atlas  sheets  Nos.  50, 
59.  and  67,  at  that  time  prepaiing  for  jmblication. 

On  the  7th  of  September  we  crossed  the  Colorado  Eiver  and  proceeded 
by  way  of  Oraybe  and  the  Moquis  Pueblos  to  Port  Wingate,  N.  Mex., 
Tvhence,  after  refitting,  we  proceeded  southward,  co-operating  with  the 
other  parties  in  New  Mexico  and  Arizona  Territories,  and,  returning 
at  the  close  of  the  season, disbanded  at  Fort  Wingate  on  the  25th  of  No- 
vember. 

During  the  three  months'  operations  in  Utah  about  fifteen  hundred 
topographical  and  triaugulation  stations  were  occupied,  and  one  thou- 
sand and  twenty -five  miles  of  meander  lines  measured,  besides  which 
numerous  detours  were  made  for  the  ascent  of  prominent  points  as  tri- 
angulation  stations.  The  latitude  and  departure  of  camp  was  computed 
each  night,  the  meander  lines  of  the  day  plotted,  and  the  principal  topo- 
graphical features  drawn  upon  the  field-map.  Sextant  observations  for 
latitude  upon  north  and  south  stars,  and  observations  on  Polaris  for 
magnetic  declination,  were  taken  at  each  camp.  The  meridian  of  Provo 
was  connected  with  that  of  the  observatory  at  Salt  Lake  City,  time-sig- 
nals having  been  sent  over  the  wires  of  the  Deseret  Company,  freely 
tendered  to  the  expedition  by  the  courteous  action  of  D.  Milton  Musser, 
superintendent. 
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The  cistern  and  aneroid  barometers,  with  the  paychromet^r,  were  read 
at  regular  intervals  in  camp  and  at  all  points  that  would  serve  to  indi-. 
cate  the  relief  of  the  country. 

About  six  thousand  square  miles  of  a  very  difficult  mountain  and 
canon  country  was  mapped  here. 

The  accuracy  of  the  work  depends  upon  the  triangulation  and  the 
latitude-checks.  The  former  was  entirely  upon  natural  objects,  the 
peaks  of  the  VVahsatch  range,  the  Henry  Mountains,  Navajo,  and  prom- 
inent mesas,  and  made  with  the  gradienta  by  Mr.  Thompson,  who  has 
shown  more  than  ordinary  skill  and  energy  in  performing  rapid  and 
accurate  work.  We  derived  much  assistance  from  Mr.  Howell,  whose 
investigations  in  geology  were  necessarily  carried  on  in  intimate  con- 
nection with  the  topography. 

The  sextant  observations  were  made  entirely  by  myself,  and  the  aver- 
age probable  erroi;  of  the  results  is  about  ten  seconds  of  arc. 

More  time  was  taken  in  this  part  of  our  field  of  operations  than 
allowed  by  your  instructions,  but  this  was  necessitated  by  the  obstacles 
encountered.  In  the  month  of  June  we  found  the  high  passes  of  the 
Wahsatch  Range  blockaded  with  snow  and  mud,  and  the  streams  on 
the  eastern  slope  were  swift,  cold,  and  deep,  causing  serious  detentions. 

Later  in  the  season  we  had  worked  our  way  southward  into  the  caiion 
country,  in  which  progress  was  necessarily  slow,  and  a  scarcity  of  grass 
and  water  added  to  the  difficulty  of  traversing  the  country.  At  this 
time  two  of  my  packers  deserted  with  thirty -two  mules,  and  caused  a 
further  delay  of  about  twenty  days.  The  time  was  usefully  employed, 
however.  The  full  working  force  kept  the  field  as  usual,  and  although 
I  had  not  intended  to  give  the  time  here,  the  work  done  in  consequence 
could  not  well  have  been  dispensed  with.  The  recovery  of  the  mule^ 
with  the  men  who  ran  them  ofi",  cost  me  a  chase  of  four  hundred  miles, 
the  return  being  accomplished  in  two  hundred  more,  over  the  wildest 
l^art  of  a  difficult  country. 

We  encountered  considerable  hardship  during  this  part  of  our  seasou-s 
work,  being  frequently  without  good  water,  and  sometimes  without  any. 
At  one  time  we  subsisted  for  seven  days  upon  hard  corn,  brought  along 
for  the  mules,  and  taken  irom  them  when  they  could  ill  spare  it. 

It  was  not  possible  to  sacrifice  close  work  to  the  pressure  of  time,  as 
the  devious  track  which  covered  so  much  ground  was  forced  upon  us  by 
the  difficult  nature  of  the  country. 

A  portion  of  the  results  of  this  part  of  the  season's  work  are  already 
published  in  Atlas  sheets  Nos.  50  and  59,  and  Mr.  Howell  will  report 
upon  the  geology  and  mineralogy  of  the  country  so  far  as  observed  by 
him. 

From  the  crossing  of  the  Colorado  to  Fort  Wingate,  the  most  direct 
rout«  was  taken  and  no  attempt  was  made  to  map  the  country  through 
which  we  passed.  The  trail  was  carefully  meandered,  however,  the  to- 
pography adjacent  sketched  in,  and  frequent  bearings  taken  as  checks 
upon  prominent  points,  with  the  usual  latitude-checks  for  the  camps 
and  the  observations  with  cistern  barometer,  aneroid,  and  psychrometer. 
The  primiary  object  here  was  celerity  of  motion,  the  survey  recom- 
mencing at  Fort  Wingate.  The  length  of  measured  meander  line  was 
about  two  hundred  miles. 

Soon  after  leaving  Fort  Wingate  Mr.  Thompson  was  detached  by 
your  order,  with  a  small  party,  to  carry  a  system  of  triangles  over  the 
ground  covered  by  my  own  and  the  other  parties  then  operating  together 
iu  ;New  Mexico.    This  work  was  successfully  accomplished.    Base  lines 
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were  measured  at  Fort  Talerosa  and  Fort  Bayard,  and  others  located  to 
be  measured  next  seasod. 

The  work  of  my  own  party  in  this  section  of  the  country  was  con- 
ducted in  the  same  manner  as  in  Castle  Valley  during  the  earlier  part  of 
the  season ;  but,  having  much  more  favorable  conditions,  better  results 
were  obtained. 

About  five  thousand  square  miles  were  coveted  along  the  Atlantic 
and  Pacific  divide,  in  the  section. of  country  embraced  in  Atlas  sheets 
Nos.  76,  83,  77,  and  84. 

This  has  been  mapped  and  is  ready  to  be  transferred  to  the  Atlas 
sheets. 

Detailed  reports  of  the  geology  and  mineralogy  of  the  region  trav- 
ersed will  be  submitted  by  Mr.  Howell  and  Dr.  Oscar  Loew* 
Very  respectfully,  your  obedient  servant, 

E.  L.  HoXiB, 
Lieut  of  Engineers^  U,  S.  A. 
Lieut.  Geo.  M.  Wheeler, 

Corps  of  EngineerSy  U,  S.  A. 


Report  of  Lieut  W.  L.  Marshall^  Corps  of  Engineers, 

United  States  Engmneer  Office, 
geoaraphical  explorations  and  surveys 
West  op  the  One  Hundredth  Meridian, 

Washington,  D.  C,  June  30, 1874- 

Sir:  I  have  the  honor  to  submit  the  following  executive  report  of  the 
operations  of  the  Colorado  party  of.  the  expedition  for  explorations  and 
surveys  west  of  the  one  hundredth  meridian,  during  the  field  season  of 
1873. 

In  accordance  with  the  annual  project,  approved  by  the  Secretary  of 
War  and  Chief  of  Engineers,  and  pursuant  to  instructions  from  you,  I 
organized  the  party  at  Denver,  Colo.,  about  June  1, 1873.  l\j^  personnel 
was  as  follows:  First  Lieut.  W.  L.  Marshall,  United  States  Engineers, 
executive  officer  and  astronomer ;  Dr.  J.  T.  Rothrock,  acting  assistant 
surgeon.  United  States  Army,  surgeon  and  naturalist;  Prof.  J.  J.  Ste- 
venson, geologist;  J.  J.  Young,  topographer;  Edgar  Schroeder,  assist- 
ant topographer ;  Prof.  John  Wolf,  collector  in  botany ;  Bernard  Gilpin, 
meteorologist,  and  a  small  escort  of  enlisted  men  from  the  Fifth  In- 
fantry. Including  packers  and  employes  the  party  numbered  forty-two 
men.  Later  in  the  season  we  were  joined  by  Mr.  Louis  Nell,  chief  of 
triangulation.  Pending  the  organization  of  the  main  party,  on  the  8th 
day  of  June  a  small  topographical  party  was  sent  out  to  define  the  bases 
of  the  mountains,  or  "  hogsbacks,''  from  the  mouth  of  the  Platte  Canon 
to  Golden  City,  with  orders  to  join  the  main  party  at  Georgetown,  Colo., 
on  the  16th. 

On  the  17th  of  June,  having  received  at  Georgetown  the  necessary 
supplies,  I  sent  the  main  party,  under  Dr.  liothrock,  to  encamp  near 
Fair  Play,  in  South  Park,  to  allow  the  collectors  in  natural  history  an 
opportunity  to  make  full  collections  in  the  several  branches  in  that 
vicinity,  and  to  establish  a  meteorological  station  at  the  permanent 
camp.  My  email  party  retraced  their  course  to  Idaho  Springs,  visited 
the  mines  at  Central  City  and  Black  Hawk ;  thence,  by  way  of  Chicago 
Lake  and  Mount  Evans,  to  Georgetown,  making  the  necessary  topograph- 
ical stations.    On  June  22  the  Atlantic  and  Pacific  divide  was  crossed 


Digitized  by  LjOOQ  IC 


484  REPORT   OF   THE   CHIEF   OF   ENGINEERS. 

at  the  Argentine  Pass,  and  from  this  date  to  Jaly  4  the  party  worked 
about  the  heads  of  the  Blue  and  Platte  Eivers,  in  the  cross  range  be- 
tween Middle  and  South  Parks,  and  in  the  Blue  River  range,  making 
the  ascent  of  Lincoln  Peak  and  such  other  stations  as  were  necessary 
to  give  a  knowledge  of  the  topography  of  this  region. 

Leaving  the  collecting  party  at  Fair  Play  with  orders  to  move  camp  to 
Twin  Lakes,  on  the  west  side  of  the  Upper  Arkansas  River,  by  August 
1,  the  field  party  proceeded  to  survey  the  mountain-ridges  bounding 
South  Park,  examined  the  country  about  the  heads  of  the  North  Fork 
of  the  South  Platte  j  the  Kenosha  range  from  Mount  Evans  to  the 
Platte  and  Arkansas  divide;  this  divide  from  the  southeastern  limit  of 
South  Park  to  the  head  of  the  South  Fork  of  the  South  Platte  River, 
meandering  en  route  the  principal  roads  and  streams,  and  making  the 
necessary  stations  upon  mountain-peaks  to  check  by  triangnlation  the 
principal  points  of  the  survey.  Wet  Mountain  Valley  was  visited,  and 
the  Arkansas  River  traced  from  near  Canon  City  to  Granite  C,  H.,  at 
which  place  we  arrived  August  1, 1873. 

During  this  interval,  July  5  to  August  1,  Mr.  Schroeder  was  employed 
with  a  small  topographical  party  in  collecting  topographical  data  and 
in  meandering  roads  and  streams  in  South  Park  not  traced  upon  the 
plats  of  the  General  Land-OflBce,  and  not  visited  by  my  own  party. 

From  the  non-arrival  of  supplies  forwarded  by  the  Quartermaster's 
Department  from  Cheyenne,  a  delay  of  several  days  was  necessitated, 
which  interval  was  spent  In  the  immediate  vicinity  of  Twin  Lake*  in 
collecting  topographical  details.  A  base  was  measured  and  an  accurate 
trigonometric  survey  of  the  lakes  made,  and  the  topographical  features 
relatively  located  from  it.  Two  lines  of  soundings  across  either  lake 
were  made  at  the  request  of  Prof.  Stevenson. 

On  the  6th  of  August,  having  purchased  the  necessary  supplies,  the 
geologist  and  topographer  were  sent  to  visit  the  mines  at  Oro  City, 
Colo.,  and  McNutty  gulches,  and  Homestrike  Mountain,  and  to  exam- 
ine the  country  about  Ten-Mile  Creek,  one  of  the  tributaries  of  the 
Blue  River;  the  western  slope  of  the  Blue  River  range;  to  meander 
Eagle  River  and  it-s  main  branches,  and  to  define  the  northern  limit  of 
the  main  or  Saguache  range  west  of  the  Arkansas  River. 

This  party  having  accomplished  its  object,  returned  to  the  permanent 
camp  at  Twin  Lakes  on  August  18.  On  the  following  day,  still  leaving 
the  collecting  paity  at  Twin  Lakes  with  facilities  to  extend  the  field  of 
their  investigation  wheresoever  they  pleased,  two  topographical  parties 
were  dispatched — Mr.  Schroeder,  assistant  topographer,  to  collect  topo- 
graphical data  and  meander  the  streams  flowing  into  the  Arkansas 
north  of  Lake  Creek ;  to  fix  the  water-shed  and  locate  the  heads  of  the 
middle  branch  of  the  Roaring  Fork  of  the  Grand  River ;  while  my  own 
party  crossed  the  divide  at  the  head  of  Lake  Creek,  and  from  August  19th 
to  September  3rd  were  engaged  about  the  heads  of  the  Gunnison  River, 
and  the  southern  tributaries  of  the  Roaring  Fork  of  the  Grand  River 
stations  were  made  upon  prominent  peaks  in  the  Elk  Mountains,  and 
also  in  the  Saguache  range  at  the  heads  of  Chalk  and  Cottonwood 
Creeks,  and  the  canon  of  Taylor  River  traced  to  the  junction  of  this 
stream  with  East  River. 

On  the  3d  of  September  the  party  was  joined  by  Mr.  Nell,  chief  of 
triangnlation,  from  Fort  Wingate,  N.  M. 

On  September  5th,  he  was  sent  with  orders  to  make  triangulation- 
stations  near  the  junction  of  the  Eagle  and  Grand,  at  the  northern  ex- 
tremity of  the  Saguache  range,  in  the  Blue  River  range,  upon  Gray'a 
Peak  and  Mount  Evans,  connecting  the  former  with  the  astronomical 
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point  at  Georgetown ;  thence  to  proceed  by  the  shortest  road  to  Pike's 
Peak,  which  point  had  been  located  from  a  base  measured  near  the 
astronomical  station  at  Colorado  Springs  by  Dr  Kampf,  making  sec- 
ondary stations  en  route  ;  thence  via  the  southern  rim  of  South  Park 
and  the  Platte  and  Arkansas  divide  to  South  Arkansas  Creek,  and 
thence  to  Fort  Garland,  making  the  necessary  stations  to  give  a  con- 
nected system  of  triangles  from  the  northern  to  the  southern  limit  of 
our  survey,  from  which  points  those  occupied  by  Messrs.  Young  and 
Schroeder  could  be  fixed.  These  orders  were  carried  out  by  Mr.  Xell, 
except  that  he  was  prevented  by  snow  from  actually  occupying  one  of 
the  main  stations  near  the  head  of  the  South  Arkansas,  suggested  to 
him.  This  point,  though  quite  accurately  fixed  in  longitude  and  latitude, 
must  be  occupied  the  coming  season. 

From  September  5  to  October  10  two  parties  .yrere  continuously  em- 
ployed in  completing  the  survey  of  the  drainage-areas  of  the  upper 
Arkansas,  and  that  part  of  the  area  drained  by  the  Gunnison  River 
which  lies  east  of  the  one  hundred  and  seventh  meridian.  From  the 
10th  of  October  to  November  4  a  line-survey  was  run  up  the  valley  of 
the  Rio  Grande  River  to  the  San  Juan  mining  district,  but  snow,  which 
fell  to  the  depth  of  13  inches  on  the  15th,  IGth,  and  17th  of  October,  pre- 
vented any  further  work  in  this  region  at  high  altitudes  and  effectually 
prevented  any  main  stations  on  mountain-peaks.  The  Las  Animas  River 
was  headed,  and  a  line  run  down  this  stream  connecting  with  Mr.  Nell's 
trail  from  Fort  Wingate,  thence  via  the  Pagosa  Hot  Springs,  Tierra 
Amarilla,  and  the  head  of  the  east  branch  of  the  Chama,  and  the  San 
Antonio  River  to  Fort  Garland. 

The  streams  tributary  to  thei  Rio  Grande  from  the  west  and  its  main 
South  Fork  had  meanwhile  been  meandered  by  a  small  party.  The 
Sangre  de  Christo  range  south  of  Fort  Garland  as  far  as  the  New  Mex- 
ican line  was  also  surveyed  by  Mr.  Young,  The  interval  from  Novem- 
ber 4  to  November  14  was  employed  by  Mr.  Nell  in  measuring  a  base 
near  Fort  Garland  and  expanding  it  to  his  triangulationstations. 

A  smalLparty  under  the  direction  of  Dr.  Rothrock  was  dispatched  on 
November  9  to  Denver  via  Wet  Mountain  Valley,  the  Hardscrable  Mines 
at  Rosita,  the  Coal  Mines  at  Canon  City,  Colorado  Springs,  and  mouth 
of  Platte  Caiion,  to  define  the  limits  of  the  foot-hills  and  meander  cer- 
tain roads  and  streams.  This  party  arrived  at  Denver  December  4th, 
1873.  The  measurement  of  the  base  and  the  local  triangulation  about 
Fort  Garland  having  been  completed,  the  escort  returned  to  its  station 
and  the  supernumerary  employes  were  discharged.  My  party  left  Fort 
Garland  November  14,  and  proceeded,  via  the  Aheyta  Pass,  to  the  east 
of  the  Sangre  de  Cristo  range,  headed  the  Cucharas,  the  Apishpa,  the 
Purgatoire,  and  the  North  Fork  of  the  Canadian  River,  made  a  triangu- 
lation-station  upon  the  Greenhorn  Mountain;  then  proceeded  via  Mace's 
Hole,  Red  Creek,  Cafion  City,  Oil  Creek,  the  Caiion  of  the  South 
Platte,  North  Fork  of  the  South  Platte,  and  Turkey  Creek,  to  Denver, 
making  the  necessary  topographical  stations  en  route^  and,  with  the  lines 
already  run  by  Messrs.  Nell  and  Young,  completing  the  survey  of  the 
foothills.  Ou  the  10th  day  of  December  the  parties  were  disbanded  at 
Denver,  Colorado. 

METHODS  OP  SURVEY. 

The  two  peaks,  Gray's  and  Pike's,  were  located  from  the  astronomical 
stations  at  Georgetown  and  Colorado  Springs,  C.  T.,  and  the  computed 
length  and  azimuth  of  the  line  connecting  them  were  used  as  a  base  for 
our  triangulation. 
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f 
Bnring  the  season  thirty-six  peaks,  over  13,000  feet  in  height,  were" 
oecapied,  and  many  others  of  less  altitude,  which  were  fixed  by  triangu- 
lation  processes.  At  the  main  points,  the  angles,  repeated,  were  read 
from  an  instrnment  made  by  Stackpole,  8"  circle,  graduated  to  read  by 
vernier  to  10"  of  arc.  At  other  important  points  a  gradienta  wasem- 
ployed.  In  addition  to  the  mountain-work,  nearly  five  thousand  miles 
of  roads  and  streams  were  meandered ;  the  angles  being  read  from  a 
Ca«elhi  theodolite  and  the  distances  measured  by  an  odometer,  checked 
by  angles  to  fixed  points,  and  by  sextant  observations  made  by  myself 
for  latitude.  The  area  covered  is  nearly  twenty-one  thousand  square 
miles. 

METEOROLOGY  AND  HYPSOMETRY. 

At  all  camps  cistern- barometer  readings  were  taken  tri-daily  when 
the  camps  were  for  an  entire  day  or  more,  and  at  7  a.  m.  and  9  p.  m, 
when  en  route. 

The  altitudes  of  mountain  stations  were  determined  by  cistern -barom- 
eter observations,  referred  either  to  our  main  camps  or  to  the  astronom- 
ical hourly  stations,  and  by  vertical  angles  from  barometric  and  trigo- 
nometric bases. 

At  topographical  stations  along  roads  and  streams  aneroid  readings 
were  taken.  The  profiles  of  nineteen  passes,  eleven  over  the  Atlantic 
and  Pacific  divide,  and  eight  over  subordinate  ranges,  were  taken,  and 
the  slopes  of  many  beds  of  streams  near  their  heads  determined. 

GEOLOGY. 

Prof.  J.  J.  Stevenson,  of  New  York,  accompanied  the  party  as  geolo- 
gist, and  his  report,  already  submitted,  attests  the  ability  and  zeal  with 
which  he  worked  in  spite  of  the  necessarily  limited  facilities  that  could 
be  aflibrded. 

NATURAL  HISTORY. 

Dr.  J.  T.  Eothrock  and  assistant  John  Wolfe  were  offered  every  facil- 
ity and  aid  in  my  power  in  making  collections  in  natural  history,  and 
the  results,  especially  in  botany,  have  probably  never  been  equaled  by 
any  exploring  or  surveying  expedition  to  the  West.  Nearly  12,000 
specimens  of  plants  from  over  1,100  different  species,  and  large  collec- 
tions in  other  branches  of  natural  history,  were  gathered  by  these  gen- 
tlemen, and  are  now  being  worked  up. 

To  these  and  the  other  gentlemen  of  the  party,  for  their  efiScient  aid 
and  exertions  during  the  field-season,  I  desire  to  return  my  thanks. 

EespectfuUy  submitted. 

W.  L.  Marshall, 
First  Lieutenant  of  Engineers. 

Lieut.  Geo.  M.  Wheeler, 

Corps  of  Engineers^  in  charge. 

The  division  moving  out  from  Santa  F6  accomplished  during  the  sea- 
son, with  the  assistance  of  the  Salt  Lake  division,  the  survey  of  11,000 
square  miles  in  the  Territory  of  New  Mexico,  and  17,500  in  Arizona,  in 
a  region  possessed  of  remarkably  interesting  topographical  features. 
The  total  area  surveyed  during  the  entire  season  was,  approximately, 
72,500  square  miles.  The  degree  of  accuracy  of  the  survey  was  con- 
siderably in  advance  of  that  of  former  years.  The  connecting  station 
for  astronomical  signals  of  the  main  parties  was  at  the  Mormon  observ- 
atory, Salt  Lake  City,  until  late  in  September,  when  it  was  transferred 
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to  the  observatory  constructed  under  the  auspices  of  the  survey,  at 
Ogden,  Utah.  Several  astronomical  parties  were  remarkably  fortunate 
in  carrying  out  their  observations  at  all  points  selected,  which  were 
twelve  in  number,  making  it  notably  an  astronomical  campaign  of  a 
single  season,  marked  by  the  most  successful  results.  The  parties  are 
again  about  to  take  the  field  to  continue  their  labors  in  southern  anc^ 
southwestern  Colorado,  northern  and  northwestern  New  Mexico,  ana 
northwestern  Arizona.  The  geographical  area  to  be  occupied  is  repre- 
sented by  Atlas  rectangle  No.  69,  southwestern  quarter  of  No.  61,  west- 
ern half  of  No.  70,  and  portions  of  N'^*  08.  The  equipments  and  prepa- 
rations, notwithstanding  the  late  daie  of  commencing  the  latter,  are 
better  than  ever  before,  and  the  addition  of  a  few  new  members  to  the 
organization  has  establishe^i  for  each  of  the  parties  an  e^ciont personnel. 

The  number  of  applications  by  young  men,  graduates  of  the  several 
scientific  schools  of  the  country,  besides  gentlemen  of  professional  note, 
has  been  much  greater  than  heretofore,  and  it  is  believed  will  increase 
from  year  to  year. 

The  following  officers  and  civilian  assistants  have  been  connected 
with  the  survey  during  the  season  or  portions  thereof:  First  Lieut.  E. 
L.  Hoxie,  Corps  of  Engineers,  in  charge  of  main  field  party  No.  2,  until 
the  close  of  field  operations ;  since  that  time  in  charge  of  the  meteoro- 
logical branch  of  office ;  Lieut.  Wm.  L.  Marshall,  Corps  of  Engineers, 
in  charge  of  main  field  party  No.  3,  and  of  astronomical  work  in  the 
office,  and  since  March  24  in  charge  of  topograi)hical  branch ;  Lieut. 
S.  E.  Tillman,  Corps  of  Engineers,  reported  for  duty  upon  the  survey 
on  the  29th  of  August,  and  from  that  date  until  the  close  of  field  opera- 
tions was  in  charge  of  main  party  No.  1,  and  of  topographical  branch 
of  the  office  until  March  24,  when  he  was  relieved  and  ordered  for  duty 
upon  the  observations  for  the  transit  of  Venus;  Lieut.  Philip  M.  Price, 
Corps  of  Eugineeis,  reported  for  duty  on  the  27th  of  June,  1874.  Sec- 
ond Lieut.  A.  H.  Kussell,  Third  United  States  Cavalry,  was  connected 
with  the  work  during  the  year  until  February  4, 1874,  as  acting  assist- 
ant quartermaster,  assistant  commissary  subsistence,  and  ordnance 
officer  to  the  expedition.  In  addition  to  these  duties  he  was  in  charge 
of  a  portion  of  main  field  party  No.  1,  during  field  operations,  and  after- 
ward employed  in  the  settlement  of  his  accounts  and  reduction  of  his 
topographical  work,  until  relieved.  Lieut.  H.  K.  Brinkerhoff,  15th 
United  States  Infantry,  was  detailed  as  escort  officer  to  the  expedition, 
in  which  capacity  he  served  until  July  5,  1873,  when  he  was  relieved  by 
Second  Lieut.  L.  H.  Walker,  Fifteenth  IFnited  States  Infantry,  who  in 
addition  had  charge  of  a  small  party  in  its  opeiations  from  Fort  Win- 
gate  to  Fort  Tulerosa,  New  Mexico,  until  close  of  field  operations. 

Acting  Assistant  Surgeon  J.  T.  Rothrock,  United  States  Army,  was 
on  duty  with  the  survey  during  the  entire  season  5  Acting  Assistant 
Surgeon  H.  C.  Yarrow,  United  States  Army,  from  January  31,  1874,  and 
on  the  3d  of  February  was  assigned  to  the  charge  of  the  natural-history 
branch  of  the  survey,  in  addition  to  his  other  duties.  Acting  Assistant 
Surgeon  C.  G.  Newberry,  United  States  Army,  reported  for  duty  on  the 
7th  ot  May,  1873,  in  compliance  with  instructions  of  the  Surgeon  Gen- 
eral United  States  Army,  and  continued  with  the  work  until  January 
31, 1874,  when  he  was  relieved  and  his  contract  annulled. 

Hospital  Steward  Theodore  V.  Brown  has  been  on  duty  with  the  survey 
during  the  entire  year  until  May  1st,  when  he  was  granted  furlough  for 
three  months,  with  permission  to  go  beyond  the  sea. 

In  the  astronomical  branch  of  the  survev  Civilian  Assistants  Dr.  F. 
Kampf,  William  W.  Marryatt,  J.  H.  Clark,  Professor  S.  H.  Saflford,  and 
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Professor  H.  B.  Herr  have  beea  engaged — Dr.  Kampf  during  the  entire 
year;  Mr.  Marryatt  from  July  1,  1873,  to  October  8,  1873,  when  his 
death  occurred,  at  Bozeman,  Montana ;  Mr.  Clark  from  July  1  to  April 
I,  1874;  Professor  Safford  for  seven  mouths;  Professor  Herr  until 
August  25,  1873. 

Assistants  Louis  J^ell,  Gilbert  Thompson,  J.  J.  Young,  E.  J.  Somo&er, 
Max  E.  Schmidt,  E.  J.  Ainsworth,  and,  at  times,  Francis  Elett  snd 
Edgar  Schroeder  have,  under  direction  of  the  officers  in  change, 
conducted  field  topographical  work,  and  during  the  winter  have  been 
engaged  in  the  reduction  of  their  notes  and  plottings. 

Assistant  F.  M.  Lee  has  been  employed  during  the  entire  year  in  the 
reduction  of  barometrical  observations  taken  by  the  several  parties. 

In  the  reduction  and  presentation  of  topography  Messrs.  Weyss  and 
Herman  have  been  engaged  during  the  whole  jear,  and  Messrs.  Lang, 
Philp,  and  Aquirre  a  portion  thereof. 

In  the  natural  history  branch  Assistants  H.  W.  Henshaw,  George  H. 
Keasby,  and  John  Wolf  were  employed  in  making  collections  in  the  fieH, 
and  Mr.  Henshaw,  during  the  winter,  classified  and  arranged  specimens 
collected. 

Mr.  T.  H.  O'SuUivan,  photographer,  secured  forty-two  landscape  views 
and  one  hundred  and  four  stereoscopic  views,  a  portion  of  which  will  be 
published. 

Mr.  A.  H.  Wyant,  artist,  traveled  with  the  photographic  party,  and 
made  studies  of  some  scenes  in  the  Canon  de  Chelle,  one  of  which  he 
l)roposes  to  put  on  canvas  when  his. health  will  permit. 

Assistants  G.  K.  Gilbert,  Prof.  John  J.  Stevenson,  E.  E.  Howell,  and 
Oscar  Loew  were  employed  during  the  year  in  geological  researches  in 
the  field,  and  compilation  of  results  during  the  winter.  Dr.  Loew  has 
made  many  interesting  analyses  regarding  minerals,  soils,  &c.  In  the 
general  duties  pertaining  to  the  work,  both  in  the  field  and  the  office,  I 
have  been  ably  and  faithfully  assisted  by  Assistants  W.  D.  Wheeler  and 
J.  B.  Minick.  I  have  again  the  agree«able  duty  of  reporting  the  cour- 
tesies extended  to  the  survey  by  the  officers  of  the  Western  Union  Tele- 
graph Company,  and  the  use  of  wires  of  that  company  over  lines  extend- 
ing from  Salt  Lake  City  westward  to  Virginia  City,  Nev.,  eastward  to 
Cheyenne,  and  thence  southward  to  Santa  F6 ;  and  northward  from 
Ogden,  Utah,  to  Helena,  Mont.  Mr.  Hibbard,  the  superintendent  at 
Salt  Lake  City,  made,  with  commendable  zeal,  all  the  arrangements 
necessary  to  carry  out  this  extended  i)rogramme,  in  which  he  was 
seconded  by  Mr.  Woodward,  manager  at  Denver,  Colo. ;  as  likewise  the 
operators  at  Cheyenne,  and  at  all  the  points  from  whence  signals  were 
sent  and  received. 

The  Atlantic  and  Pacific  Telegraph  Company  extended  also  the  free 
use  of  their  lines.  Messages  for  longitudinal  difi'erence  were  also  sent 
over  the  lines  of  the  Deseret  Telegraph  Company  from  Richfield,  Utah, 
by  Lieutenant  Hoxie.  Mr.  Thomas  Largey  aiforded  the  use  of  his  line« 
from  Helena  to  Bozeman,  Mont.,  at  reduced  rates.  We  were  thereby 
enabled  to  fix  the  geographical  position  of  this  important  point  agree- 
ably to  the  wishes  of  Bvt.  Maj.  Gen.  E.  O.  C.  Ord,  commanding  the 
Department  of  the  Platte,  it  being  one  of  the  extremities  of  the  routes 
surveyed  by  Capt.  William  A.  Jones,  Corps  of  Engineers,  from  the 
Union  Pacific  Railroad  to  the  head-waters  of  the  Yellowstone,  and 
beyond.  Longitude  connection  was  made  between  the  observatory 
at  Ogden,  Utah,  and  that  of  the  United  States  lake  survey  at  Detroit, 
Mich. ;  Maj.  C.  B.  Comstock,  Corps  of  Engineers,  detailing  at  the  Detroit 
end  of  the  line  Assistant  O.  B.  Wheeler  for  that  purpose. 
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The  officers  of  the  United  States  Naval  Observatory  have,  as  hereto- 
fore, extended  kind  assistance  to  the  survey. 

The  only  casaalty  to  be  noted  during  the  year  has  been  the  death, 
from  fever,  of  Astronomical  Assistant  Wm.  W.Maryatt,  while  engaged 
in  carrying  on  his  observations  at  Bozemau,  Mont.  This  was  one  of 
the  last  stations  to  have  been  occupied  by  him  during  the  season.  He 
had  gone  forward,  after  having  been  very  successful  at  the  other  stations, 
and  was  stricken  down  soon  after  reaching  Bozeman,  and,  after  a  short 
and  severe  illness,  died  at  that  point.  The  survey  lost  a  most  valuable 
assistant,  and  the  profession  of  astronomy  an  accurate,  faithful,  and 
zealous  worker. 

ASTEONOMICAL  BRANCH. 

The  classes  of  astronomical  work  conducted  by  the  survey  have  been 
of  two  distinct  grades: 

1st.  Tliose  at  the  main  or  primary  station,  where,  by  the  most  refined 
methods  and  use  of  the  best  class  of  instruments,  the  astronomical  co- 
ordinates are  determined  with  the  utmost  accuracy,  and  the  meridian 
line  of  the  point  carefully  established.  • 

2d.  At  positions  in  the  field,  where,  in  order  to  carry  out  the  scheme 
of  survey,  sextant  latitude  checks  are  required,  and  at  other  points 
where,  the  telegraph  being  accessible,  the  meridian  is  determined  by 
comparing  local  times,  the  watch-errors  having  been  obtained  by  sextant 
observations.  The  latter  class  of  stations  are  more  or  less  numerous,  in 
accordance  with  the  character  of  the  area  surveyed,  and  of  the  points 
within  the  same  whose  position  can  only  well  be  determined  by  this 
means. 

The  others  are  at  specifically-selected  points  near  the  fields  of  survey, 
and  from  which,  measured  and  developed,  bases  controlling  the  trian- 
gulation  can  easily  be  laid  out. 

The  main  or  primary  points  occupied  during  the  season  of  1873  were: 

1.  Georgetown,  Colo. 

2.  Hughes,  Colo. 

3.  Colorado  Springs,  Colo. 

4.  Labran,  near  Canon  City,  Colo. 

5.  Trinidad,  Colo. 

6.  Ogden,  Utah. 

7.  Green  Eiver,  Wyo 

8.  Winnemucca,  Nev. 

9.  Virginia  City,  Nev. 

10.  Bozeman,  Mont. 

11.  Santa  F^,  N.  Mex. 
V2.  Fort  Union,  N.  Mex. 

OBSERVATORY  AT  OaDEN. 

A  substantial  observatory,  of  three  rooms,  with  brick  superstructure 
and  stone  foundations,  has  been  built  at  this  point.  The  walls  are  com- 
pleted, but  the  dome  and  the  middle  observing-room  are  yet  unfinished. 

The  co-ordinates  of  this  position,  as  referred  to  the  meridian  estab- 
lished by  the  United  States  Coast  Survey  at  Salt  Lake  City,  and  that  of 
the  United  States  Lake  Survey  at  Detroit,  Mich.,  have  been  determined. 
In  the  season  of  1874  it  is  intended  to  exchange  signals  with  the  United 
States  Naval  Observatory  at  Washington,  and  resulting  therefrom 
another  check  will  be  introduced.  The  several  results  will  be  discussed 
in  the  astronomical  volume.   The  meridian  of  Ogden  will  then  be  assumed 
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as  the  standard  of  reference  for  the  future  astronomical  positions  deter- 
mined by  the  survey. 

There  are  submitted  results  from  the  reports  upon  the  determinations 
of  the  astronomical  co-ordinates  of  the  following  main  or  primary  sta- 
tions :  1.  Carliu,  Nev. ;  2.  Battle  Mountain,  Nev.  5  3.  Austin,  Nev. ; 
4.  Saint  George,  Utah ;  5.  Fort  Whipple,  Ariz. ;  6.  Port  Fred  Steele, 
Wyo. ;  7.  Laramie,  Wyo.  5  deduced  from  observations  made  during  the 
years  1871  and  1872. 

CARLIN,  NEVADA. 

Geographical  position— longitude,  116°  7'  20.6",  latitude,  40o  42'  26.67'' 

The  astronomical  station  is  situated  west-northwest  from  Garlin,  Nev., 
344  feet  from  the  track  of  the  Central  Pacific  Railroad,  and  I,4£)6  feet 
from  the  Humboldt  River,  which  is  due  south,  and  550  feet  from  the 
railroad-bridge  over  a  small  creek  entering  the  Humboldt  from  the 
south.  The  town  has  nearlj^  2,000  inhabitants,  and  is  mainly  located 
from  east  to  west  along  the  railroad-track. 

Physical  geography  Retails. — The  ground  around  the  station  is  level  to 
the  east  and  west;  at  a  distance  of  2,000  feet  south  and  north  a  gentle 
rise  commences.  At  a  distance  of  two  or  three  miles  some  slight  hills, 
not  more  than  ^00  to  800  feet  above  the  station,  are  visible.  The  eleva- 
tion of  the  monument  above  the  level  of  the  sea  is  determined  approxi- 
mately to  be  5,000  feet. 

Meteorological  conditions. — No  meteorological  observations  of  a  general 
or  special  kind  were  made  during  the  time  of  observations.  As  far  as 
can  be  seen  from  the  diary  of  the  observer,  there  was  a  great  diurnal 
change  of  temperature,  by  which  the  rate  of  the  chronometer  was  much 
affected. 

Description  of  observatory, — The  observations  were  taken  in  a  common 
wall-tent,  10  by  10  feet,  with  an  opening  for  the  meridian  line.  The 
telegraphic  instruments  were  placed  in  the  northeast  corner.  The  wires 
of  the  Western  Union  Telegraph  Company  were  used  for  exchange  of 
signals.  The  observer  had  no  assistance  but,  Carlin  being  the  starting- 
point  for  all  parties,  Mr.  Francis  Klett  acted  as  recorder  during  the  time 
he  was  present. 

Description  of  instruments, — The  astronomical  instrument  was  a  com- 
bined transit,  made  by  WUrdemann,  numbered  16.  It  was  of  20  inches 
focal  length* and  IJ  inches  aperture,  and  mounted  on  four  pieces  of  red- 
wood scantling  4  by  4  inches,  which  were  planted  in  the  ground  about  4 
feet,  and  fastened  together  above  by  board  cross-pieces.  For  telegraphing, 
a  switch-board  was  used,  adescription  of  which  will  be  found  in  the  report 
on  Colorado  Springs,  Col.  The  observations  were  taken  by  eye  and  ear, 
using  the  sideral  chronometer  Negus  1344 ;  for  the  exchange  of  sig- 
nals, mean  solar  chronometer  Huttou  No.  288  w^as  always  used. 

Points  with  which  connections  were  made  were  with  the  United  States 
Lake-Survey  Observatory  at  Detroit,  Mich.,  and  the  United  States 
Naval  Observatory  at  Washington,  D.  C. — Detroit  receiving  the  signals 
sent  from  Carlin  and  Washington.  Signals  were  sent  on  May  19,  23,  and 
24, 1871.  Carlin  was  occupied  by  E.  P.  Austin ;  the  observations  at 
Detroit  were  conducted  by  Mr.  O.  B.  Wheeler,  assistant,  United  States 
Lake-Survey ;  at  Washington,  by  Prof.  John  R.  Eastman,  United  States 
Naval  Observatory.  The  computations  relating  to  Carlin  and  also  the 
arrangement  of  the  report  were  made  by  Dr.  F.  Kampf. 

Instrumental  values^  dsc, — The  value  of  one  division  of  the  striding- 
level  was  1.14";  the  value  of  one  division  of  the  zenith-level  was  2.70"; 
of  one  revolution  of  the  micrometer  screw,  80.86".    The  wires  of  the 
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Western  Union  Telegraph  Company  were  brought  into  the  tent  by  a 
loop.  By  means  of  automatic  repeaters  the  signals  were  sent  to  the 
connected  stations — the  repeaters  being  placed,  at  Ooriuue,  Cheyenne, 
Omaha,  Chicago,  Pittsburgh,  and  Philadelphia. 

In  relation  to  the  personal  equation,  I  have  to  state  that,  as  far  as  it 
is  known  in  this  office,  this  value  for  the  relative  error  of  the  observers 
has  not  been  determined.  Mr.  Austin  was  in  Washington  iu  the  spring 
of  1873  for  this  purpose,  but  no  satisfactory  results  were  obtained.  The 
resulting  longitude  is  therefore  affected  by  this  relative  error. 


OBSERVATIONS     TO    DETERMINE     THE     CLOCK-CORRECTION 
UNITED  STATES  NAVAL  OBSERVATORY. 


AT    THE 


Tl)e  instrument  used  in  these  observations  is  that  known  as  the 
"  meridian  transit,"  which  has  been  employed  at  the  Observatory  for 
many  years,  and  is  now  situated  in  the  east  wing  of  the  building.  The 
description  of  this  instrument  may  be  found  in  the  "  Washington  Astro- 
nomical and  Meteorological  Observations"  for  1862. 

The  transit  was  employed  in  1871,  under  the  direction  of  Prof.  M. 
Yarnall,  United  States  Navy,  iu  observing  stars  for  the  "  General  Cata- 
logue f  and,  as  the  observations  for  time  used  in  the  longitude  work  were 
made  after  the  regular  work  with  the  instrument  was  finished  for  the 
night,  the  same  observations  for  coUimation  were  employed  in  reducing 
the  time-stars  as  w^re  used  in  the  reduction  of  the  regular  work. 

The  system  of  transit- tlireads  in  this  instrument  is  composed  of  nve 
groups  or  sets.  When  the  clamp  end  of  the  axis  is  east,  the  set  which 
is  first  reached  by  a  star  in  its  transit  at  the  upper  culmination  is  known 
as  set  A,  and  the  others  as  sets  B,  C,  D,  and  E. 

During  the  early  part  of  1871  the  equatorial  interval  between  each 
thread  in  the  five  sets  and  the  mean  of  B,  C,  and  D  was  found  to  be 
as  follows : 


Thread. 

luterval. 

Thread. 

Interval. ! 

Thread. 

Interval. 

Thread. 

Interval. 

j  Thread. 

1 

Interval. 

t 

37.897 
35. 972 
34. 308 
32.745 
30. 203 

9. 

1  ;:;••. 

^» 

3.183 
1.654 
0.014 
1.639 
3.221 
1 

gr.::::: 

D. 

15.*14C 
17.589 
10. 110 

1:::::: 

30.003 
32.647 

M 

1:;::::: 

B, 

§:::::: 

19.216 
17.5G3 
15.0t)9  1 

34.153 
35.  820 

37. 693 

The  reduction  for  C^  is  +  0».014  wiien  the  clamp  end  of  the  axis  is 
east.  The  clock  used  is  that  known  as  the  "  mural  clock,"  and  is 
mounted  against  a  stone  pier  in  the  transit-room.  It  is  connected  with 
the  chronograph  in  the  usual  way,  and  closes  the  circuit  at  each  second, 
except  at  the  sixtieth  second  of  each  minute,  when  a  small  ivory  lever 
on  the  axis  of  the  escapement-wheel  raises  a  very  delicate  spring,  which 
forms  a  portion  of  the  circuit,  and  prevents  the  closing  of  the  circuit  at 
that  instant. 

The  observations  of  all'except  circumpolar  stars  were  recorded  in  the 
usual  manner  by  the  chronograph,  which  is  described  in  the  annual 
volume  for  1862. 

In  the  reductions,  whenever  a  broken  set  of  observations  occurred, 
each  thread  was  reduced  separately. 

Instrumental  corrections. — ^The  corrections  to  the  observed  transit  of 
a  star  were  derived  from  the  observed  and  computed  errors  cK,  n',  and  m'. 

The  error  of  coUimation  is  represented  by  &'j  the  equatorial  value  of 
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the  distance  between  the  line  of  collimation  and  the  true  meridian  at 
the  pole,  by  n';  and  the  distance  between  the  line  of  collimation  and  the 
true  meridian  at  the  equator,  by  m\ 

The  quantities  represented  by  n'  and  m'  are  used  instead  of  errors  of 
azimuth  and  level. 

By  means  of  a  coUimating  eyepiece,  the  error  of  collimation  and  level 
was  determined  by  reversing  the  instrument  over  a  basin  of  mercury, 
and  measuring  with  the  right-ascension  micrometer  the  distance  between 
the  central  thread  (C3)  and  its  image  reflected  from  the  mercury. 

Denoting  by — 
c,  n,  and  m  the  corrections  obtained  from  the  observed  and  computed 

errors  c\  n',  and  m'; 
2  J,  the  distance  of  the  central  thread  west  of  its  image  when  the 

clamp-end  of  the  axis  is  east; 
2  J^  tlje  distance  of  the  central  thread  west  of  its  image  when  the 

clamp  end  of  the  axis  is  west ; 
jp,  the  correction  for  the  excess  of  the  radius  of  the  clamp-pivot=0*.008 ; 
r,  the  equatorial  distance  of  the  middle  thread  from  the  mean  of  sets 

B,0,  andD=0«.014; 
a,  the  correction  for  diurnal  aberration  =:0".0 16  5 
&,  the  level-correction ; 
a,  the  adopted  place  of  the  star ; 
a',  the  observed  place  of  the  star ; 
^,  the  declination  of  the  star; 
^,  the  latitude  of  the  observing-station ; 
C,  the  approximate  clock -correction  ;  and 

C,  the  clockcorrection  derived  from  the  observation  of  each  star — 
and  we  have  the  following  formulas,  which  have  been  employed  in  reduc- 
ing the  observations  for  time  : 

n  was  determined  from  the  observations  of  circumpolar  stars. 

The  quantities  J  and  J'  are  given  in  revolutions  of  the  micrometer- 
head,  each  revolution  =K5865. 

c  =  J(J— J')  —  j>  —  r — a  for  clamp ea«t. 
c  =  — J{J — ^O  +  i'  +  »*  —  ^for  clamp  west. 
&= — |(J-f  J') — p  for  clamp  east. 
h  = — |(^+^')+p  for  clamp  west. 
n  =  a —  (a'  4-  C  +  c  sec  S) 

sec  <J 
w  = — n  tan  ^  -+■  6  sec  9? 
C  =  a — (a'  -f  m  +  wtan  ^  +  c  sec  ^) 

In  the  column  "  Adopted  right  ascension"  in  the  following  table,  the 
places  of  the  clock-stars  are  those  used  at  the  observatory  in  1871,  some 
of  the  Nautical- Almanac  places  being  slightly  changed. 
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The  values  of  w,  n,  and  c,  used  ia  the  reduction,  are  as  follows : 


Date. 


May  19- 
May  aj 
May  24 
June  16 


-0. 143 
-0, 046 
-0. 010 
-0.113 


8, 
+0.184 
-f  0.088 
+  0.082 
+  0.242 


+  0.102 
-0.114 
-0. 110 
+0.050 


From  the  clock-corrections  obtained  from  the  observations  the  fol- 
lowing corrections  and  rates  were  computed  by  the  method  of  least 
squares,  and  have  been  employed  to  determine  the  error  of  the  clock  at 
the  time  of  the  interchange  of  signals  on  each  night: 


Date. 


May  19. 
May  23 
May  21 
June  16 


Sidereal  hour.       Correction. 


14.0 
16.0 
15.0 
17.0 


-0.594  ±0.007 
+2.854i:0.0i0 
+  2.117±0.012 
-2.234±0.007 


Hoarly  rat«. 


-0. 034 
-0. 039 
+0. 016 
-0. 012 


UNITED  STATES  LAKE-SURVEY,  DETROIT,  MICHIGAN. 

The  dates  of  the  observations  are  May  19,  23,  and  24,  and  June  1, 
3,  10,  IG,  26,  and  29,  1871.  The  observer  at  Detroit  was  Mr.  O.  B. 
Wheeler,  assistant  United  States  lake-survey,  and  the  instruments  used 
were  the  Troughton  and  Simnis  transit  of  43  inches  focal  length,  clock 
^o.  fS4,  Bond  &  Son,  and  chronograph  No.  216,  Bond  &  Son. 

The  stone  pier  upon  which  the  transit-instrument  was  mounted  is  sit- 
uated 321.0  feet  we«t  and  294.0  feet  north  of  the  southwest  corner  of  the 
stone  foundation  of  the  Westminster  church,  on  Washington  avenue. 

The  reductions  have  been  made  by  Messrs.  Thomas  Eussel,  G.  F. 
Burton,  and  John  Eisenmann,  subassistants  United  States  lake-survey. 
A  i)reliminary  reduction  by  high  and  low  stars  of  May  19,  23,  and  24, 
was  made  by  Mr.  Burton.  Two  reductions  by  the  method  of  least 
squares,  on  different  suppositions,  were  made,  either  of  which  would 
cause  an  extreme  range  of  only  0*.05  from  the  preliminary  reduction. 

For  the  remaining  dates,  the  high  and  low  star  reductions  were  made 
by  Mr.  Eisenmann,  and  the  least-square  reductions  by  Mr.  Eussel.  The 
agreement  in  extreme  cases  was  the  same  as  above. 

In  the  following  tables  are  contained  the  abbreviations : 

C Ji  —  reduction  to  the  middle  wire ; 

Aberr  =  diurnal  abera:ionj 

B  6  =  level-correction ; 

C  c  =  collimation-correction ; 

t'r=  observed  time  of  transit  of  a  star,  commonly  the  mean  of  five 
wires; 

t=it'  the  above  corrections  being  made ; 

a  =z  right  ascension  of  a  star ; 

(«— t) — (an  assumed  Jt)=the  absolute  termof  the  equations  of  con- 
dition ; 

a  =  deviation  from  the  meridian,  +  when  the  instrument  points  east 
of  south ; 

c  =  distance  of  the  middle  wire  from  the  line  of  coUimation  j 

P=z  hourly  rate  of  the  clock ; 

J^=:  clock -correction,  —  when  fast  5  +  when  slow. 
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2^0TES. — On  May  19,  23,  aud  24,  *=f,  as  above,  except  that  the 
the  col Hmatiou -correction  is  not  included.  On  June  16,  a= the  devi- 
ation to  be  applied  before  the  exchange  of  signals,  and  a'  =  that  to  be 
applied  after  the  exchange  of  signals. 

When  O  Ji  is  omitted,  t'  =  the  mean  of  the  several  wires  reduced  to 
the  middle  wire.    • 

Computation  of  clock-correction  for  Betroity  May  19, 1871. 


IIL 


E. 
W. 


W. 


E. 


star. 


Polaria,  L.  C, 
Polaris,  L.  C 

^  Virginis 

n  Urtuc  &ligori8. 

n  Bootis 

T  Virginia 

p  Bootis 

c  Bootis 

/ff  Bootis 

i?  Libra) , 

pii  Bootis 

a  Serpcntis. 

c  Seri>enti8 

<J  Ophiuchi 

^  Ophiuctii 

6)  Aqoilie 

Y  AquilsB 

a  Aquild) 

P  Aquilio 


CAi 


+.03 
+.05 
+.03 
+.03 
4-.  04 
+.03 
-.04 
-.03 
-.04 
-.03 
-.03 
-.03 
-.03 
-.03 
-.03 
-.03 
-.03 


Aberr. 


t. 

+.58 
+.58 
-.01 
—.0-2 
-.02 
-.01 
-.02 
-.02 
-.02 
-.01 
-.02 
-.02 
-.01 
-.01 
-.01 
-.01 
-.01 
-.01 
-.01 


Bb 


8. 
+  2.01 
-2.23 
+  .06 
+  .15 
+  .13 
+  .12 
+  .25 
+  .20 
+  .09 
+  .05 
+  .09 
+  .07 
+  .07 


K  in.     $. 

13  11  24.75 

11  29.80 
28  38.41 
42  59.  tn 
49  04.80 
55  37.29 

14  26  4&  85 

39  .•i3.85 
57  3a  34 

15  10  36. 60 
20  10. 24 
38  27.02 

44  55. 94 

16  08  07.  94 
19  00  01.  73 

12  la  40 

40  40.  43 

45  02. 14 
49  31. 56 


13  10  .59. 40 


28  Oa37 
42  29. 05 
48  33.80 
55  06.13 

14  26  17.67 

39  22.66 
57  06. 91 

15  10  O.'x  42 
19  3a  76 
37  56.27 
44  24. 62 

16  07  36. 60 
18  59  29. 82 

II  46.62 

40  Oa43 
44  30. 15 
48  59.36 


(fi^-t) 


i. 
-27.94 
2a  55 
31.12 
31.00 
31.14 
31.30 
31.45 
31.40 
31.46 
31.19 
31.51 
31.34 
31.35 
31.37 
32.01 
31.85 
32.12 
32.10 
32.31 


+.02 
-.23 
-.03 
+.13 
+.17 
+.09 
+.06 
-.17 
+  .07 
-.08 
-.12 
-.15 
+  .16 
-.13 
+.07 

+.ai 
+.« 


Normal  equations, 

+  1965. 283  «  +   3. 671  c  +  167. 496  p  +  70. 250  i  0-168. 098=0 

+   3. 671  a  +  345a  724  c  -  36. 620  p  +  4. 820  ^  tf  +  31. 768=0 

7. 496  a  -   36. 620  c  +  104. 196  p  +  2. 170  «  0-  30. 069=0 

0.250a+        4.820e+      2. 170  p  +  19. 000  a  9+    3.510=0 

a= +0-.09 

e=— 0*.  007,  lamp  east 
p=-f  0*.  1493,  rate  per  hour. 
A  t=-3K  Hi.  ±0".  023,  at  15»'  57». 

Computation  of  clock-correction  for  Detroit,  May  23, 1871. 


lU. 


Star. 


CAi 


Aberr. 


Bb 


a 

{a-t) 

h,  m.     t. 

s. 

13  11  02. 14 

-52.75 

54.42 
41.79 

28  0a36 

42  29.00 

41.65 

48  33.79 

41.a'5 

55  06.13 

41.97 

14  09  47.92 

42.05 

27  54.47 

41.10 

43  46. 09 

42.12 

58  5&60 

42. 31 

15  10  OH,  45 

42.13 

19  38. 77 

42.26 

29  15. 13 

42.32 

37  56.30 

42.19 

44  24.65 

42.15 

52  16.  49 

42.20 

19  10  06. 29 

42.  87 

11  46.73 

42.93 

19  00.63 

42.78 

29  58.00 

42.6:) 

40  oa  54 

42.68 

44  30.26 

4182 

48  59.  47 

-42.87 

E. 
W. 


W. 
E. 


E. 
W. 


W. 


Polaris,  L.C 

Polaris.  L.C 

i  Virjfiuis 

If  Unuc  Majoris 

JI  Bootis 

T  Yirginis 

a  Bootis    

5  UrsiK  Minoris.... 

a'Libnr 

»^Ik>otis 

/?  Libra; 

/**  Bootis 

a  (^oronre  Borealis  . 

a  Sorpeutls 

c  Sorpentis 

e  Coronip  Borealis  . 

d  Saffittarii 

M  Aqiiiliu 

i  AqiiiliP 

K  Aqiiilii) 

y  Aqiiila) 

a  Aquihi' 

0  AqiiiltU 


+.03 
+.05 
+.03 
+.03 
+.03 
-.13 
-.03 
-.04 
-.03 
-.04 
-.04 
-.03 
-.03 
-.04 
-.03 
-.03 
-.03 
+.03 
+.03 
+.03 
+.03 


i. 

+.58 
+.58 
-.01 
-.02 
-.01 
-.01 
-.01 
-.06 
-.01 
-.02 
-.01 
-.02 
-.02 
-.01 
-.01 
-.02 
-.02 
-.01 
-.01 
-.01 
-.01 
-.01 
-.01 


t. 

-1.56 
-3.78 
+  .12 
+  .30 
+  .19 
+  .17 
+  .26 
+  .  5-2 
+  .08 
+  .16 
+  .08 
+  .14 
+  .11 
+  .07 
+  .07 
+  .10 
+  .11 
+  .18 
+  .16 
+  .13 
+  .17 
+  .19 
+  .20 


h.  m.     s. 

13  11  55.87 

11  59.76 
28  50.01 

43  10.32 
49  15.  43 
55  47. 91 

14  10  29. 69 

28  35.24 

44  28. 17 
59  38.71 

15  10  47.  54 
20  20.95 

29  57. 40 
38  38.46 

45  06.77 
52  58  65 

19  10  49.  10 

12  29.  52 
19  4^  29 

30  40.  48 
40  51.  03 
45  12.  87 
49  42. 12 


-.15 

+.03 
-.04 
-.02 
+.10 

"—.12 
+.16 
-.14 
+.22 
+  .19 
-.07 
-.14 
+.02 
-.03 
+.!• 
-.04 
-.24 
-.19 
.00 
+.03 
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Noimal  equations. 

-f  1972. 912  a  -  8. 095  c  +  1(W.  577  p  -f  70. 62  <J  8  +  602. 347  =  0 

-        8. 095  a  +  3477. 516  c  -      3.  731  p  +    6. 26  ^  tf  +    73.  934  =  0 

-f    168. 577  a  -  3.  731  c  +  131. 784  p                       +    44.  713  =  0 

+      70.C20a+  6.260  c                        +  23.00  ^^4-    51.740  =  0 

a  =  -0-.  38. 
e  z=  —0*.  02,  lamp  east, 
p  as  4-0".  147,  rate  per  hour. 
A  e  =  -42*.  08.  ±  0>.  019,  at  16i>  04- 
Computation  of  dock-correction  for  Detroit^  May  24, 1871. 


111. 


E. 


E. 
W. 


Star. 


C  A  i     Aberr.       B  h 


Polaris,  L.C 

Polttria,  L.C 

<  Virginia 

1}  Bootia 

a  Bootis 

p  Bootia 

t  Bootia 

a»  Libra 

/ff  Bootia 

i5  Libra 

fiiBootla 

a  CoroDfe  Borealis. 

a  Sorpentia 

c  CoroD»Borealia. 

/3  Soorpii 

a  Opbfachi 

d  SagittarU 

0)  Aqaila) 

X  Aqnila) 

a  Aqailffi 

0  Aqoilie 


-.03 
-.03 
-.03 
-.04 
-.04 
-.03 
+  .04 
+  .03 
+  .04 
+  .04 
+  .03 
+  .04 
+  .03 
+  .03 
+  .03 
+  .03 
-.03 
-.03 
-.03 


I 


t. 
+  .58 
+  .58 
-.01 
-.02 
-.02 
-.02 
-.02 
-.01 
-.02 
-.01 
-.02 
-.02 
-.01 
-.02 
-.02 
-.01 
-.02 
-.01 
-.01 
-.01 
-.01 


».  I 
-3.  78  ; 
-2.23  I 
+  .09  I 
+  .12 
+  .12  ' 
+  .14  I 
+  .14  I 

+    .07; 

+  .22  I 
+  .13  I 
+  .31 
+  .31 
+  .33  I 
+   .31  1 
+   .14 
+  .20  1 
+  .07  ! 
+  .10 
+  .0i< 
+   .08  ' 
+  .07  ! 


h.  m.    i. 

h.  m.    t> 

13  12  01. 85 

13  11  02. 74 

11  54.94 

28  .53.  43 

28  0&35 

49  18.  ■^ 

48  33.  78 

14  10  33. 12 

14  09  47.  92 

27  03.00 

26  17.66 

40  07. 97 

39  22.66 

44  31.  33 

43  46.  09 

57  51.  88 

57  06.90 

15  10  50.  52 

15  10  05.  45 

20  23.66 

19  3&78 

30  00. 16 

29  15. 14 

38  41.54 

37  56.31 

53  01.54 

52  16.  49 

58  43.  04 

57  57.  84 

16  08  21.  86 

16  07  36. 65 

19  10  51.  83 

19  10  06.32 

12  32.20 

11  46.75 

40  54.  43 

40  0&57 

45  16.  21 

44  30.29 

49  45. 57 

48  59. 50 

(a-t)    I     V 


I 


-.55.  91 
50.55 
45.13 
45.17 
45.27 
45.42 
45.39 
4.5.27 
45. 22 
45.22 
45.21 
45.35 
4.'>.  48 
45.38 
45.35 
45.43 
45.59 
45.57 
45w90 
45.96 

-46. 10 


Normal  equations, 

-f-  1967. 037  a  -       .  0675  c  +  163. 305  p  +  72.  460  (J  0  +  519. 956  =  0 

-        0.  675  o  +  3458.  511  c  +    11*.  019  p-    1.480*^  +  222.909  =  0 

+    163. 305  o+      11.019  c  +  101. 074  p  +    32.893  =  0 

+      72.  460  o  -        1. 480  c  +  21. 000  J  0  +    24.  870  =  0 

a  =  -    O*.  26 

c  =  —   0".  07,  lamp  east. 

p  =  +    0".  098,  rate  per  bour. 

A  «  =  -  45«.  28  ±  0-.  020,  at  15'»  54"» 

CarUriy  Xevada,  May  19,  1871. 


Name  of  atar. 


o    Virginia 

s    Corri 

4    Draconia 

13  Comte 

8    Corvi 

0  CoTxi 

21  Caa8iope«D,  L.  C. 
32  Camelopardalis 

0    Virginia    

a    Virginia 

^    Virginia 


Clamp. 

T 

h.  m.    8. 

E. 

11  53  46.09 

E. 

58  29.58 

E. 

12    2  24.58 

E. 

13    3.16 

E. 

18  13.  30 

E. 

22  36.  70 

W. 

31  24.60 

W. 

45  .37. 38 

W. 

58  20.47 

W. 

13  13  26.94 

W. 

23  12.64 

bB 

1     «A 

eC 

t. 

1       •• 

t. 

+  0.06 

+     9.70 

-0.23 

+  0.02 

+    17.6.) 

-0.25 

+  0.  12 

-  55.  7e 

-1.14 

0.00 

.  +     4.  95 

-0.26 

-0.04 

+  15.99 

-0.24 

-0.07 

,-^17.87 

-0.25 

—0.20 

'+  61.85 

-0.85 

+  0.56 

-122.48 

+  2.22 

+  0.02 

+   13.21 

+  0.23 

+  0.04 

+   14.  Gl 

+  0.23 

+  0.07 

;+   12.01 

+  0.23 

T' 

h. 

«l.      8. 

11 

53  5.^.  62 

58  47.00 

12 

1  27.78 

13    7.85 

18  29. 01 

22  54. 25 

32  25.  20 

43  37. 68 

58  33.93 

13  13  41.  H'i  1 

23  24.  95  1 

AR. 


h.  m.    8. 

11  58  38. 97 

12  3  30.  55 
6  10.99 

17  50. 99 
23  12.  86 

27  37.80 
37  7.33 
48  20.  57 

3  17.38 

18  2.'>.  07 

28  8.37 


13 


Mean  correction  for  12*  40"»  local  sidereal  time. 
Excluding  polar  atara 


AT 


m.    8. 

+  4  43.35 
43.55 
43.21 
43.14 
43.85 
43.55 
42. 13 
42.89 
43.45 
43.25 

+  4  43.42 


+  4  43.254 
+  4  43.445 


Xormal  equations, 

0=-   2.  Sl-I- 11. 00  *  T  -    0.57  a' -J-      1.28c  JT=4-0-.2.'>4 

0  =  -»-  la  44  -    0. 57  J  T  4-  6a  94  a'  -h    02. 19  c  a'  =  -  0«.  058 

0  =  +  35u  55  -h    1. 28  i  T  -h  62. 19  a'  +  140. 36  c  c  =  -  0-.  230 

(To  avoid  large  nnmbera,  an  azimntb  of + IS'.SO  was  introdaced ;  a',  found  by  the  method  of  least  sqaaree, 
l^ves  the  correction  of  the  adopted  aziiuath ;  therefore,  a  =  +  18".442.) 

32ENG 
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Name  of  star. 


i  Ophincbi I      E. 

n  Herculis I     W. 

t  Ophincbi W. 

W. 
W. 
E. 


K  Ophiuchi  . 
c  UrsffiMinoris. 

a  Herculis 

w  Draconis 


h.  m.    «. 

16  25  20.82 
33  49. 96 
43  13.  84 
46  52. 46 
55  14.38 

17  4  4.77 
33  13.  82 


bB 

aA 

eC 

». 

8. 

8. 

-0.02 

+  4.46 

-0.01 

-0.22 

+  0.20 

+0.02 

-0.17 

+  2.90 

+0.01 

-0.18 

+  2.96 

+0.01 

-0.  72 

-27.78 

+0.08 

-0.15 

+  2.58 

+  0.01 

-0.63 

-7.35 

-0.03 

Mean  correction  for  17'»  O"  local  sldoreal  time. 


AR. 


AT 


h.  m.     8.     I  h. 
16  25  25. 25  !  16  30 


33  49.  96 
43  15.58 
46  55.25 
54  45.96 
17  4  7.21 
33  5.81 


8. 
489 


38  30.22 
47  55.84 
51  35.16 
59  25.94  I 
17  8  47. 38 
37  46.  01 


m.    8. 

+  4  39.64 
40.36 
40.26 
39.91 
39.96 
40.17 

+4  40.20 


+4  40.060 


Normal  eqaatums. 


0=-  1.90  +  7.00  «T-  3.90a'—  7.97c 
0  =+  10. 25  -  .3. 90  (J  T  +  27. 26  a'  +32. 16c 
0  =  +  12.66  -  7.97  «JT  +  32. 16  a' +  6a  53c 


<J  T  =  +  0«.060 
a'  =  -  0. 353 
c  =  -  0. 012 


I  introduced  a  preliminary  azimnth  of  +  6^.00  ;  the  azimuth  of  the  instrument  was  +  5».647. 
observations  of  rj  Draconis  and  a>  Draconis  differ  so  mnob  that  they  had  to  be  excluded. 


The 


Carlirty  Nevada,  May  24,  1871. 


Name  of  star. 


y  Cephei,  L.C.-.. 

E. 

0  LiOonis  ......... 

E. 

y  Urate  Miyoris  . . 

E. 

0   Virginis 

E. 

4  Draconis 

E. 

P  Corvi 

£. 

2lCa8siopea0,L.C. 

W. 

32  Camelopardalis 

W. 

0 'Virginis 

W. 

a   Virjsinis 

W. 

Clamp. 


bB 


h.  m.    8. 
n  29  21.72 
37  49. 86 

42  23.65 
53  59.94 

12  1  30. 32 
93  58.86 
32  31. 19 

43  30.87 
58  37. 92 

13  13  45. 64 


8. 
+  1.22 
-0.55 
-0.97 
-0.48 
-1.84 
-0.24 
+0. 34 
-2.68 
-0.24 
-0.15 


aA 


8. 

-4.18 
-0.48 
+0.44 
-0.57 
+3.2:) 
-1.04 
-3.57 
+7.10 
-0.77 
-0.85 


cC 


8. 
+  1.32 
-0.31 
-0.52 
-0.30 
-1.48 
-0.32 
-l.ll 
+  2.90 
4  0.30 
+  0.31 


h.  m. 

11  29 
37 
42 
S3 
1 
22 
32 
43 
58 

13  13 


12 


8. 

20.08 
48.52 
22.60 
58.59 
30.23 
57.26 
26.85 
3a  19 
37.21 
44.95 


AR. 


h.  m,    8. 
11  34    2.59 
43  ^9.97 

47  aoo 

58  3a  92 

6  10.58 

27  37.76 

37    6.05 

48  19.  81 
3  17.36 
18  25.05 


12 


13 


Mean  correction  of  chronometer  excluding  the  polar  stars,  for  13^  0"  local  sidereal  time 


AT 


.      8. 

+4  49.51 
4a  75 
4a  40 
40.33 
40.35 
40.50 
39.20 
41.62 
40. 1.S 

+4  40.10 


+4  40.372 


Normal  equations. 

0  =  +    4. 22  +  10.  00  «  t  +    0.  63  a 
0  =  -  89. 14  +   0. 63  ^  «  +  82. 9*^  a 


- 1«  072 


Several  other  computations  bave  been  made,  giving  for  the  correction  of  chronometer  no  better 
result    The  error  of  ooUimation  was  adopted  to  —  0*.30. 


Carlin,  Nevada,  May  24,  1871. 


t   Serpen  tis 

C  Ursae  Minoris  . 

i&«Scorpii 

i   Ophiuchi 

T   Herculis 

i|   Draconis 

^   Ophiuchi 

T)   Heronlls 


Name  of  star.      Clamp. 


W. 
\V. 
W. 
W. 
E. 
E. 
E. 
E. 


h.  m,    8. 

15  40  45. 54 
44  1.61 
53  19.  06 
2  57.60 
11  14.00 
17  36.72 
25  26.92 
33  51.  10 


16 


bB  aA         cC 


8. 

-0.06 
-0  19 
-0.01 
0.00 
-0.17 
-0.24 
-0.07 
-0.13 


8. 
-1.25 
+6.32 
-1.95 
-1.48 
+0.32 
+  1.61 
-1.67 
-0.07 


8. 

+0.30 
+  1.47 
+  0.32 
+0.30 
-0.44 
-0.64 
-0.30 
-0.39 


h.  m.     8. 

15  40  44. 53 
44  9.21 
53  17.42 
2  56.42 
11  13.71 
17  37.  45 
25  24.88 
33  50.51 


16 


AB. 

AT 

h.  m.     «. 

m. 

15  44  24. 65 

+4  4a  12 

48  49.34 

4a  13 

57  57  84 

40.42 

16    7  36.  a-S 

40.23 

15  53. 70 

39. » 

22  17.79 

4a  34 

30     4.89 

4a  01 

38  30.22 

+  4  39.71 

Mean  correction  for  16''  10™ ^4  ^.  1% 


Normal  equations, 

0=-    2.78-|-a00<5<-    a  86  a  <J «  =  +  0M20 

0  =  #f  24.99-a86dt  +  11.74  tf  a=-2«.120 

The  error  of  collimation  of  the  instrument  is  adopted  as  —  0*.30. 
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The  following  table  contains  the  corrections  of  the  chronometer  and 
its  rate,  to  obtain  the  correction  for  the  time  of  exchange : 


Date. 

Mav  19,1871 

May  S3,  1871 

May  24, 1871 


For  exchange,  mean-solar- time  chronometer  Button  No.  288  was 
always  used.  May  19, 1  find  in  the  proper  place  only  one  comparison 
of  Negus  1344  with  Button  288  : 

h.    m.      a.  h.    m.      s, 

Negus. ..1344        i:^    30    20  0        13    33    27.0 
Hutton..  288  9    21    20.0  9    24    26.5 

Button  288,  at  9^  22™  53».25,  is  slow  of  local  sidereal  time  4^  13™ 
43».666.  In  another  place  I  And  one  comparison  made  May  19,  in  the 
morning,  and  one  at  nearly  the  same  time  May  20 : 

May  19. 
h.    m.       8. 
NeguB...  0    32    12.0 
Hattoii..20    25    21.50 

Therefore,  I  find  the  rate  of  Button  288  from  the  morning  to  the 
evening  of  May  19,  +  9*.9785,  and  from  the  evening  to  the  next  morn- 
ing, +  9«.9641,  both  for  one  hour  of  Button  288.  To  reduce  Button 
for  the  time  of  exchange,  the  mean  -f  9".9713  is  used. 

For  May  23  and  May  24,  one  comparison  was  made  before  and  after 
exchange. 

May  23. 
h.    m.      8.  h.    m.      «.  h.    m.      8. 

Negus.,.  1344        13    27    18.0        13    30    25.0        13    33    34.0 
Hutton..  288  9      2    24.5  9      5    31.0  9      8    39.5 

And  after  exchange : 


lfay20. 

A.    m.        «.        h.  m.  8. 

1     41    31.0        1  44  34.0 

21    30    29.5      21  33  32.0 


A.    m.      8. 

h.    m. 

8. 

Negus...  1344 

16    12    10.0 

16    15 

15.0 

Hutton..  288 

11    46    49.5 
Jfay  24. 

11    49 

54.0 

h.    m.      «. 

h.    m. 

8, 

Negus...  1344 

13    34    32.0 

13    37 

35.0 

Hutton..  *^80 

9      5    37.5 
After  exchange: 

9      8 

40.0 

h.    m.      8. 

h.    m. 

8. 

Negus...  1344 

15    30    19.0 

15    33 

20.0 

Hutton..  288 

11       1      5.5 

11      4 

6.0 

From  these  comparisons 

and  the  rate  given  for  Negus  1344,  the  fol 

lowing  table  for  Button  288  is  derived : 


Dat«. 


Miky  19, 1871 
May  23,  1871 
Iday  84, 1871 


Hoars  on  the  face 
of  Untton'tf  chro- 
nometer. 


h.  m.      a. 

9  23  53.25 

10  26  56.72 

10  4  52:25 


Hiitt^n  288  be- 
hind local  si- 
dei-eal  time. 


h.  m.  s. 

4  13  4^666 

4  29  47.454 

4  33  44.496 


Lonin^per   I 
hour  on  face  I  t^««..«#k.« 
of  Hutton'.  ^LoK«rithm. 

chronometer,  i 


~I 


9.9713  I 
9.  H478  , 
9.  8^2 


0.  99P7518 
0.  {>93:i402 
0.  994(<9d6 


The  logarithm  is  used  to  convert  the  chronometer-time  of  the  means 
of  the  signals  into  sidereal  time. 
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EXCHANGE  OF  SIGNALS. 

Signals  sent  from  the  Washington  Observatory, 

On  the  lOtli  of  May  the  first  si^ials  to  Carlin  were  at  intervals  of  one 
second,  and  were  sent  by  so  arranging  the  apparatus  that  the  clock 
hroJce  a  closed  circuit  at  each  second.  These  signals  could  not  be  used 
at  Carlin. 

Afterward  an  attempt  was  made  to  send  signals  by  causing  the  clock 
to  close  an  open  circuit,  but  these  signals  failed  to  get  through. 

So  much  objection  was  made  at  Carlin  to  the  clock-signals  that  sig- 
nals were  sent,  finally,  at  intervals  of  ten  seconds,  with  an  ordinary 
message-key,  by  breaking  the  circuit  in  coincidence  with  the  beat  of  the 
clock  as  indicated  by  the  sounder  in  the  local  circuit. 

Similar  signals  were  sent  on  the  23d  and  24th  of  May. 

On  the  IGth  of  June  signals  were  sent,  at  intervals  of  ten  seconds, 
directly  from  the  clock,  by  switching  the  clock  into  the  main  line  at  the 
l)roper  time  to  enable  it  to  break  the  circuit  at  the  desired  second. 

Signals  sent  to  the  Observatory. 

Signals  froin  Carlin  and  Austin  were  received  on  the  Observatory 
chronograph. 

Exchange  ofsignah  beiiveen  Washingionj  D.  C,  Detroit,  Mich,j  and  Carlin^yer. 
May  19,  lB7l.^Signals  sent  from  Waghington. 


WiiHhingtoD 
flock. 


Detroit  clock. 


h 

m. 

*. 

h. 

m. 

s. 

17 

35 

0.00 
10.00 
20.00 

17 

11 

30.75 
40.70 

50.77 

36 

0.00 
10.00 
20.00 

12 

30.77 
40.  H3 
50.!?0 

30.  00 

13 

0.«?i» 

40.00 

10.  91 

?0.00 

20.90 

37 

0.00 

30.  eC 

Carlin 
nomc 

chro-    1 
ter. 

WanhlDgton 

clock.   1 

Detroit  clock. 

Carlin  chro- 
nometer. 

h.    m. 

h. 

m. 

'•  i 

h. 

m.       *. 

h.    m.       «. 

10    44 

45.20  I 

17 

37 

30.00 

17 

14      0.90 

10    47     15.00 

55.40  • 

40.00 

10.82 

24.  t« 

45 

5.30  , 

50.00  1 

20.85 

34.90 

38 

0.00  1 

30.80 

45.00 

45 

45.60 

10.00  ' 

40.82 

55.00 

55.  10  1 

20.00  1 

50.81 

48       4.^ 

46 

5.60  ' 
15  20  1 

30.00  1 

15      0.82 

14.90 

25*.  10  1 

Mean,  17 

36 

52.94  1 

17 

13    23.78 

10    46    38.  UC 

35.20  1 

1 

44.90  ' 

1 

May  23,  l871.Signdlt  sent/rom  Washington. 


Waxhii 

cl()C 

i^ton 
k. 

Detroit  clock.  | 

Carlin  chro- 
nometer. 

h.    m. 

h. 

m. 

s.     I 

h. 

m. 

t. 

IH    35 

0.00 
10.  00 

18 

11 

45.  19  1 
55.28  I 

11 

28 

48.30 
58.60 

20.00 

12 

5.23 

29 

8.50 

:jo.  00 

15.27 

18.50 

40.  IKI 

25.  20 

2C.  40 

5<'.00 

35.  19 

38.  40 

36 

o.po 

44.99 

48.10 

37 

0.00 
10.  00 

13 

45.  05 
5.-..  80 

30 

48.10 
58.60 

'JO.  00 

14 

•■i.  16 

31 

8.00 

:w.(0 

l.-i.  11 

17.90 

40.00 

25.  05 

28.00 

Washington  clock. 


18  37  50.00 

38  0.00 

39  0.00 
10.00 
20.00 
30.  UO 
40.00 
50.00 

40  0.00 


Detroit  clock. 


18    14    35.11 
45l05 


15 
16 


45.18 
55.18 
5.00 
15.00 
25.00 
35.00 
45l20 


Carlin  chro- 
nometer. 


h.    m.       jr. 
11    31    37.90 
47.90 


32 
33 


47.70 

57.  m» 

7.fr« 
17.60 
27.60 
37.60 
47.60 


Mean,  18    37    30.00,    18    14    15.15       11    31    18.02 
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Mat  23, 1871.— iS'if nab  ttent  from  Carlin. 

FIRST  8EBIE8. 


Waahington 
cloct. 

Detroit  clock. 

Carlin  ohro* 
.nompter. 

WasliiDgtoD 

clock.  I 

Detroit  clock. 

Carlin  chro- 
nometer. 

h,    m.       $. 

h,    m. 

t. 

h.    m.      t.     1 

h. 

m. 

..     1 

K 

m.       t. 

h.    m.       ». 

17    53    

17    29 

10    47 

17 

55 

46.20 

17 

33    30.90 

10    49    40.00 

15.80 

30 

0.52 

10.00 

51.20 

35.80 

45.  Op 

21.20 

5  84 

15.00 

56.50 

41.20 

50.00 

35.80 

10.49 

30.00 

56 

1.50 

46.80 

55.00 

30.90 

15.69 

35.00 

6.30  ' 

51.00 

50      0.00 

35.90 

20.60 

30.00 

40.80 

35.53 

35.00 

57 

6.50 

33    51.18 

51      0.00 

45.90 

30.59 

40.00 

11.50 

56.30 

5.00 

50.90 

35.61 

4.^.00 

16.50 

34      1.30 

10.00 

55.90 

40.61 

50.00  i 

31.60 

6.40 

15.00 

54      1.00 

45.69 

55.00  1 

36.50 

11.30 

30.00 

6.00 

50.70 

48      0.00  , 

31.40 
36.50 
41.40 

16.18 
31.25 
36.08 

35.00 

:w.oo 

35.00 

55      6.10 

31 

51.05 

49      0.00 

46.60 

31.40 

40.00 

11.  ao 

56.05 

5.00 

51.60 

36.39 

45.00 

16.30 

32 

1.00 

10.00 

S6.50 

41.82 

50.00 

21.30 

6.00 

15.00 

58 

1.70 

46.40 

55.00 

36.30 

11.05 

30.00 

6.60 

51.35 

53      0.00 

31.50 
36.40 

16.15 
31.10 

35.00 
30.00 

Mean,  17 

55 

44.34 

17 

32    88.97 

10    49    37.97 

41.30 

36.00 

35.00 

Mat  33, 18n.^S%gncUs  tent  from  Carlin. 

8EC0XD  SERIES. 


Waahioeton 
clocf. 

Detroit  clock. 

Carlin  chro- 
nometer. 

Waahington  clock. 

Detroit  clock. 

Carlin  chro- 
nometer. 

h.    m.       «. 

h,    m.        t. 

A.    m.        t. 

h.    m.       t. 

h.    m.      «. 

h.    m.       9. 

18    86    11.20 

18     8    56.00 

11    80      0.00 

'              18    88    56.80 

18      5    41.63 

11    82    45.00 

16.80 

3      1.00 

5.00 

1                      89      1. 70 

46.81 

50.00 

31.80 

5.99 

10.00 

I                               6.80 

51.61 

55.00 

36.80 

11.00 

15.00 

I                             11. 60 

56.41 

23      0.00 

31.30 

16.00 

20.00 

16. 70 

6      1.49 

5.00 

36.30 

81.00 

35.00 

81.60 

6.39 

10.00 

41.10 

35.93 

30.00 

1                             36.80 

11.58 

15.00 

46.40 

31.88 

35.00 

31.60 

16.45 

20.00 

51.50 

36.33 

40.00 

36.70 

31.48 

25.00 

56.40 

41.17 

45.00 

41.70 

36.51 

30.00 

87      1.60 

46.40 

50.00 

46.80 

31.60 

35.00 

6.30 

51.00 

55.00 

51.80 

36.64 

40.00 

11.30 

56.18 

81      0.00 

56.80 

41.67 

45.00 

16.50 

4      1.90 

5.00 

30      8.00 

46.80 

50.00 

86.50 

11.30 

15.00 

6.70 

51.59 

55.00 

31.40 

16.35 

80.00 

11.80 

56.70 

84'    0.00 

36.40 

81.80 

35.00 

16.90 

7      1.80 

5,00 

41.30 

86.00 

30.00 

81.70 

6.50 

10.00 

46.60 

31.40 

35.00 

86.90 

11.78 

15.00 

51.80 

36.60 

40.00 

38.00 

16.80 

80.00 

38      1.60 

46.40 

50.00 

36.90 

81.70 

85.00 

6.50 

51.86 

55.00 

41.90 

86.70 

30.00 

11.40 

56.18 

88      0.00 

47.00 

31.80 

35.00 

16.50 

5      1.89 

5.00 

53.80 

37.00 

40.00 

81.40 

6.89 

10.00 

57.10 

41.89 

45.00 

86  40 

11.39 

15.00 

31      8.30 

47.18 

50.00 

31.50 

16.37 

80.00 

7.80 

53.05 

55.00 

36.50 

81.87 

85.00 

13.10 

^95 

85      0.00 

41  60 

86.60 
31.61 

30.00 
35.00 

46.60 

1  Mean,  18    88    43. 93 

18      5    3a  56 

11    83    33.18 

5L60 

36.69 

40.00 

1 
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Mat  24, 187l.—Signal8  sent  from  Wa8hington. 

FIBBT  SERIES. 


^d^kf""      Detroit  clock. 

CarliD  chro-    : 
nometer.       | 

Waahington  clock. 

Detroit  clock. 

Carlin  chTo- 
nometer. 

A,    m.       8. 
16    

54    36.06 
40.00 
50.00 

56     

h.    m.       8. 
16    

31  17.' 96' 
28.00 
37.69 

32     

33  '.'.'.'.'.' 

17.70 
27.65 

h.    m.       8. 
9    

44    34.' 30*1 
45.50 
54.20 

"  ;;;:::' 

34.66 
43.90  , 

h.    m.       8. 
16    56    50.00 

57  0.00 

58  0.00 
10.00 
20.00 
liO.W 
40.00 
50.00 

59  0.00 

h.   m.       8. 

16    33    37.60 
47.80 

34  47.82 
57.76 

35  7.70 
17.69 
27.54 
37.89 

.        47.89 

h.   m.      1. 

9    46   Hl» 

47  4.30 

48  4.  SO 
11 » 
21 » 
3160 
41«i 
53. « 

49  1« 

30.66 
40.00 

Mean,  16    57    10.71 

16    33    58.47 

9    47    14.  i6 

6EC0ND  SERIES. 


Waahioffton 
clock. 

Detroit  clock. 

Carlin  chro- 
nometer. 

Detroit  clock. 

Carlin  chro> 
nometer. 

h.    m.       8. 
17      1     

30.00 
40.00 
50.00 

2  0.00 
10.00 

3  10.00 
20.00 
30.00 
40.00 
50.00 

h.    m.       8. 
16    37    

38    

17.70 
27.70 
37.79 

iron 

57.89 

39  57.89 

40  7.62 
17.60 
27.70 
37.  76 

A.    m.       8. 
9      51     

33.'i6' 

43.00 
53.30 

52  3.20 
13.20 

53  13.10 
22.30 
32.80 
42.80 
53.00 

k.    m.       8. 

17      4     

10.00 

5  10.00 
20.00 
30.00 

50.' 66" 

6  0.00 
10.00 

h.    m.       a. 
16    40    47.86 
57.80 

41  57.89 

42  7.79 
17.70 

37."7i' 

47.71 
57.90 

h.    m.      1 

9    54     100 

12. » 

55    l1-» 
li» 

Mean,  17      3    49.44 

16    40    37.21 

9    53   5S.3J 

Waahinirton 
cloclT. 

Detroit  clock. 

Carlin  chro- 
nometer. 

Washington  clock. 

Detroit  clock. 

Carlin  chro- 
nomet«r. 

h.  •  m.       •. 

17    26      0.00 
10.00 
20.00 
30.00 

It,    m.       8. 

17      2    48.00 

57.90 

3      7.68 

17.85 

h.    m.       8. 

10    15    59.60 

16      9.30 

19.20 

29.30 

h.    m.       8. 
17    26    40.00 
50.00 

h.    m,       a. 
17      3    97.93 
37.80 

h,    m.      1. 

49.  W 

Mean,  17    26    25.00 

17      3    18.86 

10    16   5M.» 
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Mat  24,  ld>il.—Sig7Ml8  sent  from  Carlin. 

FIB8T  SEBIBS. 


WashiDgton 
dock. 

Detroit  dock. 

Carlio  chro-    1 
Dometer.       | 

WaahingtoD  dock. 

Detroit  clock. 

Carlin  chro- 
nometer. 

A.    m.       i. 

k.    m.       ». 

h.    m.       8. 

A.    m.        8. 

A.     t».          8. 

A.    m.       8. 

17      9    50.30 

16    46    46.55 

10      0      0. 00 

17    12    39.70 

16    49    27.00 

10      2    40.00 

10      4. 40 

51.70 

5.00  ' 

44.90 

32.28 

45.00 

9.30 

56.65 

10.00  1 

49.70 

37.10 

50.00 

14.40 

47      1. 70 

15.00 

54.80 

42.15 

55.00 

19.40 

6.69 

20.00 

59.80 

47.15 

3      0.00 

24.50 

11.81 

25.00 

13      4.90 

52.20 

5.00 

29.40 

16.  71 

30.00 

9.80 

57.13 

10.00 

31.20 

21.  51 

35.  00  1 

14.80 

50      2. 10 

15.00 

39.60 

26.90 

40.00  , 

19.80 

7.05 

20.00 

44.70 

32.00 

45.  00  ' 

24.80 

12.10 

25.00 

49.50 

36.80 

50.00  ] 

29.80 

17.15 

30.00 

54.50 

41.88 

55.00 

35.10 

22.45 

35.00 

59.70 

46.90 

1      0.00  1 

39.90 

27.15 

40.00 

11      4.60 

51.91 

5.00  1 

44.90 

32.15 

45.00 

9.50 

56.80 

10.00 

50.00 

37.30 

50.00 

14.60 

iB      1.90 

15.00 

54.10 

42.30 

55.00 

19.  70 

7.00 

20.00 

59.  90 

47.20 

4      0.00 

24.70 

12  00 

25.00  1 

14      5.00 

52.21 

5.00 

29.70 

16.98 

30.00  ' 

9.90 

57.10 

10.00 

34.60 

21.92 

35.00  1 

15.10 

51      2.30 

15.00 

39.80 

26.98 

40.00 

19.80 

7.10 

20.00 

44.60 

31.87 

45.00 

24.90 

12.15 

25.00 

49.80 

37.10 

50.00  1 

29.80 

17.15 

30.00 

54.80 

42.00 

55.00  ' 

35.20 

22.50 

35.00 

50.79 

47.00 

2      0.00 

40.20 

27.50 

40.00 

12      4.70 

52.00 

5.00  ' 

45.10 

.32.38 

45.00 

9.70 

57.00 

10.00  1 

50.40 

37.30 

50.00 

49     

1 

55.10 

42.39 

55.00 

19.80 

7.00 

20.00 

15      0. 10 

47.21 

5      0.00 

24  70 

11  95 

25.00 
30.00 

2».70 

16.99 

Mean,  17    12    30.06 

16    49    17.29 

10      2    30.25 

34.70 

21.99 

35.00 

SECOND  SERIES. 


Waahington 
dock. 

Detroit  dock. 

Carlin  ehro- 
nonieter. 

Washington  clock. 

Detroit  clock. 

Carlin  chro- 
nometer. 

A.    m.       8. 

A.    m.       8. 

A.     TO.          8. 

A.    m.       8. 

A.    m.       8. 

A.    TO.       e. 

17    17      0.50 

16    53    47.89 

10      7      0. 00  1 

17    19    40.90 

16    56    2&18 

10      9    40.00 

5.70 

52.81 

5.00  , 

46.00 

33.21 

45.00 

10.30 

57.56 

10.00 

51.00 

38.29 

50.00 

15.50 

54      2.79 

15.00  ' 

56.00 

43.30 

55.00 

20.50 

7.80 

20.00  1 

20      0.90 

4a  15 

10      0.00 

25.30 

12.53 

25.00  1 

5.90 

53.19 

5.00 

30.60 

17.80 

30.00  1 

11.00 

5a  19 

10.00 

35.30 

32.61 

35.00 

16.10 

57      3.33 

15,00 

40.70 

28.00 

40.00  1 

21.00 

a  30 

20.00 

45.70 

33.00 

45.00  1 

26.00 

13.70 

25.00 

50.60 

.37.91 

50.00 

31.10 

laivo 

30.00 

55.70 

42.90 

55.00  1 

36.10 

23.55 

35.00 

18      0.60 

47.90 

8      0.00  1 

41.20 

28.60 

40.00 

5.60 

5a  10 

5.00  1 

46.10 

33.49 

4.5.00 

10.40 

57.70 

10.00 

51.50 

38.59 

50.00 

55    

56.20 

43.70 

55.00 

31      1.20 

4a  50 

.      11      0. 00 

25.70 

12.88 

25.00 

6.20 

53.52 

5.00 

30.50 

17.79 

30.00 

11.20 

5a  50 

10.00 

35.60 

2U.90 

35.00  ! 

16.20 

58      a50 

15.00 

40.70 

28.05 

40.00  1 

21.10 

a36 

20.00 

4.^70 

33.00 

45.00 

26.40 

13.72 

25.00 

50.80 

38.10 

50.00 

31.20 

ia50 

30.00 

55.80 

43.10 

55.00 

.. 

19      0.80 

4a  10 

9      0.00 

4i.30 

2a  60 

40.00 

5.80 

53.10 

5.00  1 

46.20 

33.48 

45.00 

51.30 

38.59 

50.00 

56    

56.40 

43.70 

55.00 

20.90 

a  19 

20.00 

22      1.30 

4a  60 

12      0. 00 

25.90 
30.90 

ia20 
laio 

25.00 
30.00 

Meati,  17    19    31.88 

16    56    19.00 

10      9    30.98 

36.00 

23.22 

35.00 

1 

Digitized  by  LjOOQ  IC 


504 


REPORT  OF  THE  CHIEF  OF  ENGINEERS. 


May  23, 1871,  I  find  one  more  set  sent  from  Washington  to  Carlin, 
but  not  recorded  at  Detroit : 


h.    m.       ». 

h.    m. 

M. 

k. 

m.       8. 

h,    m. 

8. 

h. 

«i.       •. 

A.    m.       «. 

17    21    10.00 

10    15 

10.80 

17 

47     

10    41 

. 

17 

49    30.00 

10    43    96.00 

30.00 

20.80 

i 

40.00 
50.00 

36.10 
46.30 

40.00 
50.00 

3S.W 
45.90 

40.00 

40.40 

j 

48      0.00 

56.20 

50      0.00 

55.80 

50.00 

50.30 

] 

10.00 

42 

6.20 

1 

10.00 

44      5.H0 

22      0.00 

16 

0.20 

20.00 
30.00 

16.20 
36.10 

1 

90.00 

15.70 

1  Mean,  17 

40    56.47 

10    34    53.81 

And  one  set  sent  from  Carlin  to  Washington,  on  the  same 
recorded  only  at  Washington  and  Carlin : 


date. 


h.    m.       •. 

h.    m. 

8. 

h. 

m.       8. 

h. 

m.       8. 

18      1    37.40 

10    55 

30.00 

18 

3      7.80 

10 

57      0  00 

42.30 

35.00 

17.60 

10.00 

47.30 

40.00 

22.70 

15.00 

57.20 

50.00 

27.60 

20.00 

2      2.40 

55.00 

32.60 

25.00 

7.30 

56 

0.00 

37.40 

30.00 

12.80 

5.00 

1 

42.60 

35.00 

17.60 

10.00 

47.50 

40.00 

32.70 

15.00 

52.60 

45.00 

27.50 

20.00 

57.80 

50.00 

32.30 

25.00 

4      7.60 

58      0.00 

37.50 

30.00 

1  Mean,  18 

2    51.22 

10 

56    43.70 

Digitized  by  LjOOQ  IC 


EEPOET   OF   THE    CHIEF   OF   ENGINEERS. 


505 


■fiojiaa  JO  »pnj(aaoi 

5 

e5 

c5 

S 

d 

•»ioj|9a 

t^ 

•ao:>3ajq9B^ 

r 

8 

'%ioa%9a 

-1 

d 

•ao^Saiqen^ 

-!  ■ 

s 

^ 

1 

o 

1 

1 

•»JoJ4oa 

s     PS?  ss  1 

TXO^aiqOTjA. 

ws     s?  S5SS     BS5  se 

•«I»ii8l«  oqi  JO  W99m 
aq;  JO  omi)  l»W9pj8  nw<yi 

A.  n».    9. 

15    0  35. 64 

15  4  42. 57 

16  1  16.04 

15  19  29. 15 
15  26  36. 04 
15  52  28.  70 

14  20  56. 3,-. 
14  27  35.01 
14  50  10.  73 

L4  36  14.26 
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4-         -+-                             4- 
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10  46  3&  06 

10  34  53. 81 

11  31  1&02 

10  49  37. 97 

10  56  43. 70 

11  22  32. 12 

9  47  14.76 
9  53  58.33 
10  16  24. 33 

10    2  30.25 
10    9  30. 98 

•«t«a3!«  eqi  Jo  nrooz 
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*8pni3{fi  9qt  JO  nvoin 
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18  2  54.00 
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17  3  51.  R9 
17  26  27. 16 

17  12  32.21 
17  19  34. 03 

•looio 
napfoiqat^  jo  aof  looxioo 

«id        elof     efo<a<         etele<     e4ol 

I         4-4-     +++        +++     +  + 

•  *:ioo[9  ao)9a(qsB^ 

h.  M.     9. 

17  36  52.94 

17  40  56.47 

18  37  30.00 

17  55  44. 24 

18  2  51.23 
18  28  43.92 

16  57  10.  71 

17  3  49.44 
17  26  25.00 

17  12  30. 06 
17  19  31.  88 
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Mean  pl/mes  of  stars  for  1871.0  u^edfor  determination  of  latitude  of  Carlin,  Nevada, 


No.  of 
pair. 

No.  in 
B.  A.C. 

Declination. 

Xo.of 
pair. 

No.  in 
B.  JlC. 

DeclinaUon.    1 

1 

No.  of 
pair. 

No.  in 
B.A.C. 

Declination. 

1 

4SSfi 
4540 

o 
25 
56 

1 
0 

2.73 
36.66 

6 

4825 
4641 

o 
37 
44 

11 
11 

39.22 
57.58 

11 

5834 

5d49 

o 
18 
62 

/       // 
33    30.71 
59    56.06 

2 

4568 
4594 

55 

26 

20 
21 

5.00 
2.56 

7 

4885 
4897 

42 
38 

55 
20 

97.50 
36.56 

• 
12 

5322 
5348 

23 

58 

9  ss.ao 

54    37.13 

3 

4640 
4684 

29 

51 

17 
35 

1.25 
32.39 

8 

4932 
5000 

47 
33 

47 
34 

15.90 
10.00 

13 

53^5 
5400 

36 
44 

49    12.  S3 
9    SS.I4 

4T38 
4756 

42 
39 

7 
S3 

33.27 

16.50 

1 

'         9 

5071 
5098 

14 

5432 
5463 

34 
46 

11    14.06 

4 

37    18.00 

5 

4t«4 
4808 

50 
30 

25 
56 

22.70 
20.26 

1       10 

5116 
5146 

62 
18 

43 
5 

17.93 
14.96  ; 

Observations  for  latitude,Station,  Carlin,  Nevada, 


Date. 


I 


1% 


Level. 


N.  I  S. 


ReioarkB. 


Date. 


is' 


1871.     j        I 

May  17   4568 

4594. 

'4640I 
14684 1 

I48O4I 
|4808! 

25   4568 
4594 


4640! 
4684 

I 
4728' 
4758 

4304! 
4808, 


12  52. 
24  66. 


2  13.5*10.0 
3,  a  0  15. 0 


7  94. 
31  72. 


711.012.5 
6il5i0|  8.3 


17  35. 
15  25. 


8,  9.  8;i4.0 
6  14.  8;  9. 2 


12  92. 
25    8. 


7:17.2:13.0 
012.418.0 


7  53. 
3130. 


19  16. 
23  16. 


014.8  15.3 
9' 17. 0  13. 9 


18  32. 
)6    8. 


26  14526 


!4568> 
4594; 


11  73. 
28  74. 


915.0118.0 
7116.8:15.0 


0.16.0  16.2 
2,13.2:18.8 


6  17.0' 10.0 
9.12.4,14.7 


27 


Mistakein  reading;, 
to  be  excluded. 


9  59. 
21  83. 


014.212.8 
2,15.  7|  12. 5 


14684 


|4728 
4758, 


4804 

4808. 


4825; 

48411 


4885' 
4897 


4952 
500U 


5071 
5098 


5116> 
51461 


)5249 


1  45. 
25  26. 


16  20. 
20  65l 


17  52. 
15  20. 


11  91 

12  88. 


I 

3  14. 8 14.  0 
912.8,16.3 

I        i 
4*13.  0  16.  0 

7  16.0  13.9 
i        I 

5  9.821.0 

8  19.  0|  1 1.8 

2  7.223.5 

3  21.3,  9.6 


25    6. 
18  53. 


15  66. 
12  99. 


1  62. 
26  51. 


33  23. 

6  18. 


20  74. 
15  20. 


16.215.0 
11.  3  20. 2 


2  9.219.8 
216.9  11.7. 

5'l3  015.2 
6113.015.4 

917.810.51 
71  9.0  19.21 

I        ' 
217.811.2 

0   9.  7  19.  8, 


1871.     i 
May  26   5322 
5348 


.5385 
5400 

5432 
5463 
I 
4526 
4540 

4568* 

4594 

4640 
4684 
I 
4728 
4758 

4804 

'4808, 

i      I 

!4825. 
.4841 

48j<'> 

'4897 

4952' 
5000, 

'5071! 
,5098 

I      ! 

5116. 
5146; 

'5234 
{5249 

1.5322 

5348, 

15385; 
15400 

i 
I5432 
|5463 


12  51. 
3  15. 


Level. 


613. 
4.15. 


Remarks. 


8I16.4 
713.9 


9  64. 

28  88. 


8!  13. 
713. 


4  41 
36  62. 


716. 

2l  7. 


16. 2: 
15.2 


6 
24    6. 


8122. 
0,17, 


213.2 

8.20. 8   Mast  be  3I«. 

2!  16. 2' 

8  20. 5I 


10    9. 
22  22. 


221. 
8  15. 


2  16.81 
822.7 


3  18. 
27    8. 


!..  J„  I 


516. 

o.iau. 


10  1& 

13  7a 


023.0 

0I19.5 

I 


9  1&  8  20  7 

9il7. 5122!  0'  Most  be  14'  58^.9. 


13  22. 

10  87. 


14  9. 

15  12. 


19  69. 
13    5. 


11  30. 
8  52. 


2  76. 

27  51. 


30    6. 
3  54. 


14  97. 
9  75. 


32  87. 
3  58. 


21& 

7ia 

3'l9. 
817. 

Aa 

017. 

I 
020. 
9,13. 


022. 0; 
,21.  8' 


0  21. 2. 
0:23.3, 

822.0  Very- faint. 
623.0i 


20.0* 


9|  5.010.2 
0   2.313.0 


I  Bobbie  beyond 
scale. 


0 
7,20. 


8|l8. 8  Mistake  in  reading. 
7  21.31      excluded. 


8,13. 

91  0. 


0  12. 
3|U.2;i0.8 


10.8' 

2L0^  Mast  be  9>  45'.9. 

9.8! 


5  11. 
24  37. 


118 


315.7, 

2.20.  7, 


4  36. 

31  4a 


014. 
121. 


0  23.  Ot 
0  16. 2 
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Camputaiions  for  latitude  of  CarliUf  Nevada, 


Date. 


Mays?. 


1871 
May  17  . . 

Mny  25  . . 
May  26  . . 


6 


Corrections. 


Half-som  of 
decIiuatioD. 


Micr.  and  ref. 


Latitude. 


LeveL     ;   Herid. 

I ' 


40  50  37.  68  I 
26  19.97  I 
40  53. 23  I 

40  aa  39.  99  I 
26  21.  67  I 
45  20. 14  I 
40  55. 10 


40  30  55. 63  ; 
50  39.  48  , 
26  21.  88  ' 

45  29.  37  I 

40  55.33  I 

41  52.  30  I 
38    5.52 
40  44.  81 
59  17.83 
24  17.32 

46  13.  3d 
62  14.  01 
29  31. 73 
24  14.68 

40  30  55.83 
50  39.69 
26  22.09 

45  29.  61 

40  55.56 

41  52.57 

38  5.77 
40  45. 05 

39  18.  OQ 
24  17.  55 

46  13.54 
62  14.30 
29  32.00 
24  14.94 


-  8 
+16 

+  1 

-  8 
4-16 

-  2 

+  1 

+  11 

-  8 
+16 

-  3 
+  1 
4-  0 
+  4 
+  1 
-16 
+18 

-  3 

-  19 
+  12 
+18 


11.00 

1.70 

25.00 

11.49 

1.69 

61.68 

30.50 

28.04 
15.08 
3.18 
0.08 
33.70 
39.26 
24.16 
47.97 
46.65 
14.08 
44.13 
47.47 
58.04 
20.25 


I 


+11  30.02 

-  8  10.80 
+  16    6.37 

-  2  .W.  75 
+  1  34.  83 
+  0  41.  85 
+  4  2a  69 
+  1  52.05 
~16  40.  50 
-18  12.51 

-  3  43. 24 
~1»  44.  44 
+12  59.  01 
+  18  16.85 


-  2.36 
+  3.51  I 
+  0  95  I 

-  0.95 
+  1.76 

-  0.  81 

-  3.92 


I 


+  3.17 
+  3. 10 

-  1.82 

-  0.61 

-  2.70 
-  3.10 

-  5.20 

-  3.65 

-  3wlO 

-  1.28 

-  2.36 

-  0.27 

-  2.07 

-  6.75 

+  8.23 

-  1.69 

-  4.39 

-  4.32 

-  5.13 

-  6.74 

-  5.80 

-  8.  SO 
- 10. 73 
+  2.30 

-  5.40 
+  1.76 

-  3.31 

-  2.83 


40  42  24. 32 
25.18 
19.18 

40  48  86. 85 

85.12 

[26. 36} 

81.68 

40  42  86. 84 
87.50 
83.24 
28.68 
26.33 
28.46 
84.48 
89.13 
28.08 
30.12 
86.89 
86.27 
86.80 
28.18 

40  48  8&e7 
37.80 
84.07 
86.54 
85.26 
88.68 
88.66 
88.60 
86.75 
[32.36] 
84.90 
31.68 
27.70 


Mean.  40°  42^  26".67  i  0".28. 

We  conclude,  therefore,  that  the  longitude  of  Oarlin  station  is  39^ 
04'  18".80  west  of  Washington,  or  116^  07'  20".6  west  of  Greenwich, 
and  the  latitude  =  N.  40^  42'  26".67. 


BATTLE  MOUNTAIN,  NEVADA. 

Geograpbical  position  of  station:  Longitude,  11(5^  56'  13".50 ;  latitude,  40^  38'  18''.74 
±0".21. 

The  astronomical  station  is  situated  near  Battle  Mountain,  Nev.,  a 
town  on  the  Central  Pacific  Eailroad.  The  track  of  the  railroad  runs  at 
this  point  in  a  nearly  north  and  south  direction.  The  astronomical 
monument  is  placed  southeastward  from  the  town,  and  1,475  feet  east 
of  the  track^  and  1,166  feet  from  the  public-school  building.  Battle 
Mountain  has  about  800  inhabitants.  The  astronomical  station  is  but 
slightly  elevated  above  the  railroad-track  ;  the  place  is  level,  but  at  a 
distance  of  one  mile  prominent  hills  and  ridges,  rising  3,000  feet  above 
the  station,  are  visible.  The  elevation  of  the  station  is  determined  to 
be,  approximately,  4,500  feet  above  the  level  of  the  sea. 

Meteorological  conditions. — ]S^o  detailed  meteorological  observations 
were  taken  at  this  station.  From  the  diary  of  the  observer  it  can  be 
seen  that  it  was  cloudy  almost  always  during  the  day,  but  clear  at  night. 
The  observer  lost  much  time  waiting  for  the  line  to  Detroit.    On  some 
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days  only  very  few  observations  for  latitude  were  taken,  after  he  had 
waited  until  late  at  night  expecting  to  get  the  use  of  the  wires  for  longi- 
tude-work. 

Description  of  observatory  and  instruments  used, — The  construction  of 
the  observatory  was  the  same  as  at  Carlin,  and  a  description  of  it  will 
be  found  in  the  report  for  that  station. 

The  same  instruments  for  time-determinatioh  and  exchange  of  signals 
were  also  used.  For  the  latter  purpose  the  wires  of  the  Western  Union 
Telegraph  Company  were  employed.  The  observer,  E.  P.  Austin,  was 
assisted  at  this  point  by  two  enlisted  men. 

Points  with  which  connections  were  made. — It  was  intended  to  connect 
Battle  Mountain  with  Washington  and  Detroit,  but  it  was  impracticable 
to  connect  with  Washington,  and  the  exchange  of  signals  was  made 
with  Detroit  only,  where  Mr.  O.  B.  Wheeler,  assistant  United  States 
lake-survey,  conducted  both  observations  and  computations. 

An  explanation  of  the  signs  and  symbols  used  in  the  determination  of 
time  at  Detroit  will  be  found  in  the  report  for  Carlin  station.  The  ob- 
servations made  at  Battle  Mountain  were  reduced  in  1873  by  Dr,  F. 
Kampf,  and  revised  in  1874.  The  arrangement  of  the  report  was  also 
made  by  him. 

Instrumental  values^  &c. — The  instrumental  values  are  given  in  the 
report  for  Carlin  station.  The  signals  were  sent  by  sound  from  Battle 
Mountain,  and  recorded  by  eye  and  ear.  At  Detroit  they  were  sent  by 
sound  also,  but  recorded  on  "a  chronograph.  By  means  of  automatic 
repeaters  at  Corinne,  Cheyenne,  Omaha,  and  Chicago,  the  signals  were 
transmitted  direct  to  the  connected  stations. 

It  has  been  found  impossible  to  get  a  better  result  for  longitude.  The 
observer  used  for  temporary  monuments  pieces  of  wood  buried  in  the 
ground,  which  proved  too  unsteady  to  give  the  most  accurate  results. 
These  temporary  monuments  were  replaced  later  by  a  sandstone  pier. 


Computation  of  clock-correction  for  Detroity  June  1,  I87I. 

lU. 

star. 

CA< 

Aberr. 

B& 

Qc 

V 

a 

(«-0 

r 

w. 

a   Serpentis 

<    Serpentis 

S    UrsseMlnoris... 
c    CoroDCB  Borealis. 
fi  Scorpii 

s. 

+.03 
+.03 
+.16 
+.03 
+.03 
+.03 
+.04 
+.03 

n. 

-.01 
-.01 
-.07 
-.02 
-.02 
-.01 
-.02 
-.24 

-.84 

-.01 
-.01 
-.01 
-.01 
—.01 
-.01 
-.01 

9. 

+  .23 
+  .20 
+  .94 
+  .84 
+  .10 
+  .12 
+  .27 
+  .21 

..2.18 
+  .12 
+  .19 
+  .19 
+  .M 
+  .19 
+  .19 
+  .19 

t. 

+  .11 
+  .10 
+  .51 
+  .12 
+  .11 
+  .10 
+  .15 

■f.u 

-1.76 

-  .11 

-  .11 

-  .11 

-  .10 

-  .11 

-  .11 

-  .11 

h.m.     8. 

15  30  04. 01 
45  33.21 

49  56.06 
53  24.93 
59  06.39 

16  08  45. 31 
17  02. 15 
52  44,06 

18  15  23.04 
29  21.54 

19  00  39.26 
12  56. 11 
20  10.03 
41  17.97 
45  39. 61 

50  0a92 

h.m.     t. 

15  37  56. 36 
44  24. 71 
48  49. 16 
52  16. 53 
57  57. 91 

16  07  36. 71 
15  53.74 
51  35w2T 

18  14  17.23 
28  12.61 
59  30.13 

19  11  46. 05 
19  00  85 
40  08.78 
44  30.50 
48  50.71 

m.     9. 

-ioa9i 

08.82 
0a44 
06.77 

oa7o 
oa84 
oa85 

09.13 

06.89 
08.90 
09.17 
09.20 
09.20 
09  23 

+  .0? 

-  oa 

-.03 

22 

w. 

E. 

6    Opbiiichi 

T    Heronlis 

K    Ophiuchi 

S   UrMB  Minoris  . . . 

-.Ob 
+  .0^ 

+  .*> 

1    Aqail» 

-.03 
-.03 
-.03 
-.03 
-.03 
-.03 
-.03 

-r.06 

+  .03 

I    Aqnilffi 

«    Aqnila)... 

i    AqulliB 

Y    Aquito 

a    AqnilsB 

09.15  '  -[cO 
09  25  '    '    '^ 

E. 

H   AaniliB 

Noi-mdl  equations, 

+  151.98a  +    0.96p  -    6.88 J9  +  19.62«0 
+      0. 96  a  +  41 91  p  -   3. 57  =  0 

-      6.88a  +  16.00  Jtf  +13.45  =  0 

a  =  -0».17 

c  =-  —  0*.  10,  lamp  eaut. 
P  —  +  0».  087,  per  honr. 
A  t=  -  I"  08«.  91  ±  0*.  031,  at  Vl^  38". 
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111. 


Ster. 


«    Coronse  Borealia 

13  Soorpil 

6   Ophinohi 

I   Oi)hiuchi 

g    Herciilis 

ij   Hercalis 


E. 


W.      a^Aquilie 


Opbinchi 

UrwB  Minoria  . 
Vnsp  Miiioriu  . 

Aqiiihc 

AquiiiO 

SaKittarii 

Aquila:..'. 

Aqiiilfle 

Aquilfe 


CAi     Aberr. 


8. 

-.04 
-.03 
—.03 
-.03 
-.04 
-.04 

-.0.3 


+.03 
+.03 
-r.03 
+.03 
+.03 
+.03 
+.0J 


-.02 
-.02 
-.01 
-.01 
-.02 


-.01 
-.24 
-.24 
-.01 
-.01 
-.02 
-.01 
-.01 
-.01 
-.01 


B6 


s. 

+  .21 
-+-  .10 
-r  .13 
+  .10 
+  .19 
T-  .20 

-i  .13 
+  1.19 

•r  I.  as 

+  .09 
+  .09 
+  .05 
+  .07 
+  .06 
+  .16 
-,.  .21 


Ce 


9. 

-.03 
-.03 
-.03 
-.03 
-.03 
-.03 


A.  m.     s. 

,15  53  30.18 
I  58  11.40 
116  08  50.28 
I  31  18.  13 
37  40.  56 
39  43.  82 


-.  03  il7  30  12. 10 
-.64  118  15  31.93 
-.64  ,  29.96 

I      29  26.39 
'19  00  44.  14 
11  20.  41 


+.03 
-1.03 
+.03 
h.03 
+.03 
+.03 
+.03 


13  00. 93 
20  14.  73 
41  22.  71 
45  44.  57 


a 

(a-t) 

h.  m.     8. 

m.  8. 

15  52  16. 54 

-1  13.76 

57  57.  9J 

13.49 

16  07  36.  73 

13.61 

30  05. 02 

13.  44 

36  27. 16 

13.50 

38  30.  30 

13.63 

17  28  58.  34 

13.82 

18  14  17. 33 

14.91 

14.91 
13.88 

28  12.  65 

50  JO.  17 

14.11 

19  10  06.58 

13.92 

11  46.  99 

14.06 

19  00. 90 

13.94 

40  08.  83 

14.09 

44  30. 55 

-1  14.28 

Xoitnal  equations. 

+  144.  49 a  +    3.96p  -   3.72atf  -  15.88=  0 
+     3.96a  +  29. 78p  -    5.67  =  0 

-     3.72a  +15.00^0+13.44  =  0 

a  =F  +  0«.  08. 
e  =s  +  0>.  03,  lamp  east. 
p  as  4-  0*.  201,  per  hour. 
A « =  -  1«  13-.  86  ±  0».  024,  at  i:**  50« 
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+.32 

+.08 
+.15 
-.10 
-.10 
+.01 

+.07 


-.06 
+  .06 
-.14 
-.04 
-.17 
-.10 
+  .08 


111. 


E. 


W. 
W. 

w. 

E. 


Star. 


CAt 


a   Bootia 

p   Bootia 

c    Bootia 

tt*  Libno 

^    UrH«  Minoria 

a   Ursie  Minoria 

^    Libice 

fi*  Bootia 

a    Sorpentia 

«    Serpentia 

C    ITrsae  Minoria 

p^  Scorpii 

^    Opbinchi 

K    Ophiuchi 

(    lTr»8B  Minoria 

a}  Horculia 


8. 

-.03 
-.04 
-.03 
-.03 


+.03 
+.03 
+.03 
+.16 


+  .03 
+  .03 
+.24 
+.03 


IF  Serpentia I  +.03 

51  Cephei.  L.  C j 

51  Cophoi.L.(J 

<  Aquiljo -.03 

d  Sajfittarii I  -.03 

w  Aquila) I  —.03 

3  Aqnil» '  —.03 

«  Aquilie '  —.03 


Aberr.  .Bb 


8.  8, 

-.02  +  .13 
-.02  1+  .15 
-.02  1+  .14 
-.02  1+  .07 
-.05  1+  .42 
-.05    +  .71 


01    + 
-.02    + 
-.02 
-.01 
-.07 
-.02 


+  .88 
+  .11 


-.01  t+  .13 
-.01  1+  .17 
-.10  +1.12 
-.01    +  .  17 


-.01 
+.29 
+.29 
-.01 
—.02 
-.01 
-.01 
-.01 


+  .12 
-3.06 
-  .65 
+  .06 
+  .05 
+  .10 
+  .10 
+  .10 


Cc 


8. 

-.03 
-.03 
-.03 
-.03 
-.10 
+.10 
+.03 
+.03 
+.03 
+.03 
+.13 
+.03 
+.03 
+.03 
+.19 
+.03 

+.03 
-.53 
+.53 
—.03 
-.03 
-.03 
-.03 
-.03 


16 


18 


m. 
11 
27 
40 
45 
52 

11 
20 
39 
45 

50 
59 
31 
52 
00 
10 

16 
40 

00 
11 
13 
20 
31 


8. 

09.32 
39.02 
44.04 
07.50 
30.  36 
30.95 
26.75 
.•^9.  72 
17.  n 
46.17 
08.03 
19.29 
26.46 
56.73 
44.49 
09.00 

01.00 
18. 12 
14.64 
51.68 
28.38 
0a75 
22.64 
19.97 


15 


19 


(«-0 


09 


43 
51 


47.84 

17.59 
22.60 
46.10 
10.30 


10  05.50 

19  3a  74 

37  56.38 

44  24.74 

48  48.83 

57  57.97 

30  05.08 

51  35.35 

59  25.78 

08  47.59 


18    14    39.64 
6    38    49.29 


30.32 
06.75 
47.14 
01.05 
58.46 


21.53 
21.49 
21.50 
21.39 
20.33 
20.51 
21.41 
21.30 
21.51 
21.66 
20.30 
21.44 
21.56 
21.60 
20.16 
21.63 

21.53 
25.53 
.52 
21.55 
21.60 
21.64 
21.62 
21.54 


8. 

+.08 
+.10 
+.09 
-.19 


-.15 

-.06 

.00 

+.15 


-.17 
-.02 
+.09 


+.14 
-.04 


+.04 
-.05 
+.12 
-.03 
-.06 


Normal  equations, 

+  296. 13  a    -38.83p    +17.0336+84.99  =  0 
-    38.  83  a    +  69.  42  p  -  12.  35  =  0 

+    17.03  a  +  22.00  <J0  +  11.92  =  0 

«  =  -  0».03 

e--  —  O".  03,  lamp  eaat. 

p  =  +  0. 009,  per  hour. 
A<=  -  1-.  21«.  34  ±  0*.  017,  at  le*  42« 
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Xameof  star. 

Clamp. 

T 

bB          a  A 

eC 

T- 

AIL 

AT 

a    VirginU 

^    Virginia 

W. 

ft.  m.     9. 
13  17    5.98 

36  49. 53 
41  13.48 
47  16.34 
50  59.16 

16  14  39.  59 
30  13.34 

37  10.04 
39  44.96 
58  35.38 

+  0*03 
+  0.08 
+  0.36 
+  0.18 
-0.33 
-0.36 

-  0.11 

-  0.54 
4.  0.14 

-  1.31 

9. 

+  3.23 
+  3.66 
-1.03 
+  1.60 
+12.11 

-  0.61 
+  4.17 

-  5.44 

g. 
+  0  48 
+  0.41 
+  0.64 
+  0.43 

-  1.31 
-0.60 

-  0.46 
-*1. 15 

ft.  m.     «. 

13  17  9.  63 
86  53.67 
41  13. 36 
47  1&45 
51    9.73 

16  14  3a  03 
80  15. 94 
27  8.91 
39  55.76 
58  11.01 

ft.  m.     g. 

13  18  35. 01 
28  8.39 
42  88.88 
48  33.  74 
52  85.87 

16  15  53. 75 
31  31.  80 

38  ia5i 

41  11.40 
50  85.96 

+  1  15l36 
15.65 

11    IJraa3  Majoris.. 

1.15(2 

V    Bootia 

15.29 
15.54 
15l73 
15.86 
1560 

50Cap.,L.C 

T    Uercalls 

a    Scorpii 

"eV" 

15  Draconis 

a    Camelop.,  L.  C  . 
«    Urus  Mlnoris. . 

+  9.65  j+  1.01 
-30.12  1-3.04 

15.  «4 

4-  1  14.97 

MeaD  for  15^  O*  IacaI  nidArAAl  timA. 

+  1  15.52 

Fonr  diflTerent  oompatations  to  find  the  error  of  chrooometer  were  made.  The  error  of  oollimatioo 
adopted  from  two  oompntations  =  —  0*.41.  The  method  of  least  sqaares  gave  an  unaatisfactAry  reaalt ; 
the  azimuth  of  the  instrnment  was  therefore  compnted  from  polar  and  soath  stars  —  +  4«.09.  /?  Dra- 
conis is  excluded  in  the  above  determination  of  time,  as  it  gives  a  result  differing  too  much  from  tliose 
of  the  other  stars. 

Battle  Mountainj  Kev.fJune  3,  1871. 


Name  of  star.      Clamp. 

T 

bB 

a  A 

eC 

T' 

AR. 

AT 

i    Virginia 

W. 

ft.  m.     9. 

13  36  53.96 
41  13.50 
47  la  44 
51    9.85 
50  41. 45 

9. 

-  0.16 

-  0.11 

-  0.18 
+  0.30 
-0.35 

9. 

+  0.33 

-  0.13 
+  0.80 
+  1.50 

-  0.49 

+  0.32 
+  0.50 
+  0.34 
-  1.03 

+  0.86 

ft.  m.     9. 

13  36  53.  45 
41  13.76 
47  ]a86 
51  10.53 
59  41. 47 

ft.  m.     9. 

13  88    a  31 
42  8a  85 
48  33. 74 
58  85.39 

14  0  46.81 

+1  14-86 
15.09 

If    Bootis    

14  Hib 

50  Cassiop.,  L.  C  . . 

14.  86 

a    Draconis 

+  1  14.74 

Mean  for  13^  45^  local  sidereal  time +1  14.681 


I 


Normal  equations. 


0  --  -  0.33  +  5.00  «  e  +   8.78  a 
0  =  -  2-86  +  2.78  6 1  +  10.33  a 


6t=-  0«.115 
a  =  +  0«.308 


By  preliminary  reduction  the  error  of  oollimation  is  found  =  —  0'.32 ;  adopted  orror  of  azinath 
=  +  0*.30.    The  azimuth  of  the  instrument  fonnd  by  the  method  of  least  squares  =^  +  O^.SOd. 


Battle  Mount{iinf  Nev,,  June  3, 1871. 


Xame  of  star. 


6    Corvl 

«c    Draeonis 

y   Virginia 

35  Virginis 

12  Canum  Venat. 

Virginis 

e    Virginis 


Clamp. 


E. 


ft.  m.    9. 

13  32  51. 52 
36  55.48 
33  49.00 
40  59. 31 
48  45.  SSt 
54  38.38 

13    1  57. 84 


bB 


-0.03 
-0.08 
-0.04 
-0.00 
-0.14 
-0.12 
-0.10 


a  A 


9. 

+5.84 
-9.99 
+4.43 
+4.02 
+0.27 
+3.35 
+4.83 


CC 


9. 
-0.33 
-0.96 
-0.32 
-0.32 
-0.41 
-0.33 
-0.33 


T' 

AR. 

AT 

h.  m.   9. 

ft.  m,    9, 

«».    9. 

12  42  57. 01 

12  83  12.00 

+1   14  <« 

26  44.45 

«7  59.50 

1^(](^ 

33  53.07 

35     a07 

15^  >« 

41    2.85 

41  18. 10 

15  15 

48  45.34 

50     0.39 

15.  U 

54  31.18 

55  46.39 

l&O 

13    2    2.25 

13     3  17.30 

+1  liO 

Mean  for  12^  40"»  local  sidereal  time ^1  IS^« 


Kormal  equations, 

0  =  +  0. 05    +  7. 00  (J  «    +  1. 90  a  ^  e  =-  -  0«.  01 

0=-0.02    +1.90Je    +  4.55a  a-+0*.009 

The  error  of  oollimation  is  found  by  preliminarv  reduction s=  _  o«  33 

The  azimuth  was  determined  by  6  Corvi  and  «  Draconis =  .+  6"!  70 

And  by  mean  of  the  least  squares  the  azimuth  is  given |.  5a'  7^9 
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Name  of  star. 


TTraa  Minoris  . 

Scorpii 

'  Scorpii 

Groom.  23*20... 

Hercalls 

Scorpii 


Clamp. 


W. 


T 

&B 

aA 

h.  m    9. 

9. 

9. 

15  47  41.  85 

-2.25 

+0.40 

51  35.88 

-0. 24 

—0.13 

56  49.56 

-0.29 

—0.12 

16    4  54.  42 

-1.43 

+  0.17 

14  45.  43 

-0.83 

+  0.02 

20  23.40 

—0.24 

—0.13 

Mean  for  16^  O"*  local  sidereal  time  . 


cC 


AR. 


9. 

+0.06 
+0.01 
+0.01 
+  0.03 
+0.02 
-1-0.01 


h.  m,    9. 

15  47  40.  06 
51  35.52 
56  49. 16 

16  4  53. 19 
14  44.  63  > 
20  23. 04  I 


A.  m.    9. 

15  48  48.  84 
52  44. 21 
57  57. 97 

16  6  2.00 
15  53. 76 
21  31.88 


AT 


m.  9. 
+  1  8.78 
8.69 

8.61 

a  41 

9.13 

8.84 

+1  eTsi 


Normal  equations, 

0=40.50    +  6.00<J<    —I.  47  a    —12.29  c  <  =  —  0-.  16 

0—+1.73    —  1.47<Jt    +13. 47  a    +13.71  c  a  =  —  0«.  133  ' 

0=  rO.36    -12.28<ft    +13.71a    +36.75C  c  =  -  0».  012 

From  the  preceding  observations,  the  following  tabl^ containing  cor- 
rections of  chronometer  and  adopted  rates  for  !Negus  No.  13d4  is 
derived. 

1871.  h.  m.    9,  9. 

June  1,  15.0  local  sidereal  time:  cor,  of  chronometer,  -f  1  15.52;  adopted  rate,  -f  0.011 
June  3,  13.2  local  sidereal  time :  cor.  of  chronometer,  4-  1  14.99 ;  adopted  rate,  4-  0.023 
June  10,  14.8  local  sidereal  time:  cor.  of  chroaometer,  +  1    ^-^ ;  adopted  rate,  +  0.035 

Before  and  after  exchange,  comparisons  of  Negus  1344  and  Hatton 
288  (mean  solar  chronometer)  were  made,  as  follows : 

1871.  h.    m.    9.  h.    m.    9.  h.    m.    9, 

June    1.  Negns  1374 135630.0  13  59  34.0 

Hutton  28« 8  55  57.5  8  58  51.0 

After  exchange : 

Negus   1344 155756.0  16  00  59.0        16    4    6.0 

Hutton  288 10  56  5:i.5  10  59  56.0        11    3    2.5 

June    3.  Negus  1344 14    5    2.0  14    8    5.0 

Hutton  288 8  56  25.0  8  59  27.5 

After  exchange : 

Negus  1344 15    0  40.5  15    3  44.0        15    6  49.0 

Hutton  288 9  51J>4.0  9  54  57.0  9  58     1.5 

June  10.  Negus  1344 14  14  13.0  14  17  17.0 

Hutton  288 8  37  57.0  8  41    0.5 

After  exchange : 

Negus  1344 15  38  24.0  15  4126.0 

Hutton  288 10    154.0  10    4  55.5 

From  these  comparisons  the  fallowing  table  for  mean-time  chronome- 
ter Hutton  288  is  derived. 

Button  288. 


Hatton  time. 


Jane  1,1871. 
Junes,  1871. 
Jane  10, 1371 


I 


Slow  of  sidereal  i    Losing   per 
time.  hour. 


K 
a9.'5535 

10.99925 
8.  9656<i2 
9. 91597 
8.  65799 

10. 06031 


m. 
I 
2 
9 
10 
37 
37 


9. 

58.38 
18.51 
52.30 
1.94 
3.'>.  11 
39.06 


9. 
9.898 

10. 249 

9.949 


Log. 


0.9955363 
1.0106754 
0. 9977580 
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Exchange  of  signals  between  Deiroity  Mich.y  and  Battle  Mouniainj  Xer. 
June  1, 19!71.^Sig)wls  sent  from  Detroit 


I  Battle  Moant-    ' 

Detroit  clock.  aiu  |   Detroit  dock. 

'  chronometer.   . 


Battle  Mouut- 

aiu 
chronometer. 


h.    m. 

.. 

A. 

m. 

*•       l' 

h. 

m. 

8. 

A. 

m.       9. 

17    22 

40.25  ' 

10 

3 

49.80  1 

10 

5    

50.06  i 

50.60 

17 

24 

40.10 

49.30 

23 

0.35  1 

4 

9.80  1 

25 

50.20 
0.24 

59.10 
6      9.40 

24 

0.81  1 

5 

9.80  1 

10.03 

19.  20 

26 

0.25 

7      9.30 

20.05  ' 

--- 

29.20  . 

10.19 

19.00 

SECOSD  SERIES. 

Detroit  clock. 


h.    m. 

t. 

h. 

m.      s. 

17    26 

20.05 

10 

7    29.IK) 

30.20 

39.«0 

40  20 

49.  i« 

50.15 

59.  A- 

27 

0.21 

8      9.011 

Battle  Honnt- 

aiu 
chronometer 


Mtau,  17    25      3. 92  ,    10      6    13.^0 


Battle  Mount- 

Battle Mount-  il 

Detroit  clock. 

ain           ' 

Detroit  clock. 

ain 

chronometer. 

chronometer. 

h.    m. 

*. 

Km.      t.     \ 

h. 

m. 

t. 

h.    m.       t.     1 

17    52 

40.29 

10    33    44.80 

17 

54 

50.10 

10    35    54. 40  1 

50.21 

54.70 

55 

0.08 

36      4.30  . 

53 

0.21 

34      4.60 

10.18 

14.30  , 

10.20 

14.50 

20.10 

24.00 

20.15 

24.50 

30.20 

34. 10  , 

30.20 

34.50 

40.20 

44.20  1 

40.11 

44.50 

56 

40.05 

37    43. 90  ' 

54 

40.08 

35    44.30 

50.14 

54.00 

1 

Detroit  clock. 


.Battle  Mount- 
ain 
chronometer. 


A.    m.       *. 

h. 

fn.       s. 

17    57      0.05 

10 

38      4.M 

10.05 

14.00 

20.10 

S3.!» 

30.20 

33.5* 

40.10 

44.  W 

Mean,   17    55    10.14  ■   10     36    U.'Ji 


SignaU  sent  from  Battle  Mmintain. 


Detroit  clock. 


h. 
17 


44 


24.31 
29.50 
34.22 
39.31 
44.28 
49.45 
54.60 

14.88 
19.  69 
24.80 
29.90 
34.88 
39.92 
45.00 
49.  "3 


Battle  Mount- 

BatUeM 

ain 

Detroit  clock. 

ain 

chronometer. 

chronura 

h.    m.       s. 

h. 

m.      s. 

h.    m. 

10    22    10.00 

17 

44    54.92 

10    26 

15.00 

59.95 

20.00 

45      4.90 

25.00 

9.92 

30.00 

14.91 

27 

35.00 

19.90 

40.00  , 

24.  98 
30.  10 

26      0.00 

35.15 

5.00 

40.40 

10.00 

45.10 

1.-.  00 

50.27 

20.00 

55.06 

2.5.00 

46      0. 20 

30.00 

5.18 

35.00 

10.06 

I 


Detroit  clock. 


Battle  HouBt- 
j  ain 

chronomttei. 


k. 
17 


9. 


15.10 
20.05 
25.12 
30.25 
35.20 
40.  .50 
45.35 
50.30 
55.31 
0.20 
5.19 
10.30 
15.20 


10 


Sd 


40.00  I 

45.00  I 

50.00  I 
55.00 

t).00  I 

5.00 
10.00 
15.00 

20.00  I 

25  00  I 

.to.  00  I 

25.00  ,; 

40.00 

45.00  ' 

50.00  ,  Mean,   17    44    56.44     10    26     41  4- 

55.00  ,  I 


O.K 
5.tv 
Itjii* 
1,V«»' 

•J5l". 
3t  .' 
•Jj  " 
40  ■• 

4:«  » 

Si'" 


June  3,  IS'l.— Signals 9ent  from  Detroit 


Detroit  clock. 


h. 

16 


m. 
41 


8. 


Battle  Mount- 
ain 
chronometer. 


10.25 
20.00 

:io.  15 

40.25 
50.3: 

42  0. 25 

43  0. 38 


w. 


9. 


I  Battle  Mount- 
Detroit  clock.  I  aiu 

I    chronometer. 


29. 10  'I 
39.00 
49  10   ■ 
59.10 

15  9.20  I 
19.00  'i 

16  19. 00   ' 


9. 


k.    m. 

16  43  10.12 
20.  Of? 
30.10 
40.20 
50.29 
0.30 


44 


0.28 
10.08  I 


17 


Detroit  clock. 


h.    m.       9. 

9  16  28.80 
38.60 
48.60 
58.70  I 

8.60 
18.80  1- 


18 


18.60 
28.40 


h.    m. 


9. 


I  Bat  tit*  Muoiit 

ain 

chronomrNr 


16    45    20.05 
30.25 
40.12 
50.12 
46       0.40 


Mean,  16    43    37.70 


5-  :* 

19       f 

l^  * 


9     16    U  ti 
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SECOND  BERIRS. 


Detroit  clock. 


Battle  Mount-  Ij 

ain  I   Detroit  clock, 

chronometer,   i 


h.    m. 

8. 

h. 

lit. 

8.  ' 

17      0 

0.25 
10.05 
20.13 
30.21 
40.11 

9 

31 

16.50 
26.10 
36.20   ' 
46.30    ' 
56.00    I 

50.23 

32 

6.00    : 

1 

0.41 

16.00  l| 

2 

0.30 

33 

15.00   1 

8. 
10.20 
20. 18 
30.  15 
40.21 
50.13 
0.1d 

0.10 
10.20 


BatUe  Mount- 
ain 
chronometer. 


Detroit  clock. 


Battle  Mount- 
ain 
chronometer. 


h.    m. 
9    33 


34 


35 


8. 

25.  dO  I 
35.  80 
45.80 
55.80  ' 
G.00  ' 
16.00 

15.40 
25.50 


h. 
17 


m.       8. 

4  20.20 

40.18 
50.25 

5  0. 20 


I,  Mean,   17      2    24.19 

h 


h.    m.       8. 
9    35    35.40 


55.50 

36      5.40 

15. 5:(V 


9    33    39.83 


SifftiaU  sent  from  Battle  Mountain. 


Battle  Mount'   i 

Battle  Mount- 

Battle  Mount- 

Detroit  clock. 

ain            I 

Detroit  clock. 

ain 

Detroit  clock. 

ain 

chronometer.  1, 

chronoiueter. 
h.    m,       8. 

chronometer. 

A.    m. 

8. 

h. 

m. 

'■  \ 

h. 

m. 

8. 

h. 

m. 

8. 

h. 

m. 

8. 

16    49 

48.30 
53.  12 
58.20 

9 

23 

0.00  ;, 

."..00  , 
lu.oo  1 

15.00  I' 

16 

51 

28.72 
'S3.  45 
38.60 
43.70 

9 

24 
25 

4.5.  00 

50.00 

55.  00 

0.00 

1              ^^ 

.53 

13.  93 
19.05 

2:188 
28.80 

9 

26 

30.00 

:}5. 00 

40.  00 
45.  00 

50 

3.30 
8.83 
13.  ."iO 
18.  61 

23.68 

20.00  |i 
25.00    1 
30.00    1 
35.00    1 
40.00  j! 

45.00  ;i 

52 

48.70 
53.59 
58.59 
3.85 
8.83 

5.00 
10.00 
l.nOO 
20.00 
25.00  I 

33.90 
:J8.  85 
43.82 
48.90 
53,80 

27 

50.  00 
55.00 
0.00 
5.00 
10,  00 

♦^8.6«< 

13.  81 

30.  00 

59.10 

15.(10 

33.  45 

,50.00  ,1 

18.  89 

3.-).  00  1 

54 

4.10 

20.  00 

»^.60 

55.00  ,, 

23.78 

40.00  1 

9.34 

25.  00 

43.42 

24 

0.00 

2:1.71 

45.00  1 

14.10 

30.  CO. 

48.41 

5.00  ! 

33.74 

.50.00  ! 

19.20 

35.  00 

53.45 

10.00  1 

:i8.  59 

55.00  1 

24.36 

40.  00 

58.55 

15.00  ii 

43.  60 

26 

0.00  1 

29.  20. 

45.  00 

51 

3.  .50 

8.  82 

20.00  \\ 
25.10  il 
30.00    1 

48.68  . 
53.  70 

5.00  1 
10.00  1 

34.08 
39.  15 

.50.  00 
55.  00 

13.  60 

58.75 

15.00  i 

44.00 

28 

0.0.) 

18.  70 

35  00    1 

53 

3.71 

8.95 

>>()  00 

23.70 

4o!oo  1 

♦ioioo  1 

Mean,    16 

52 

13.75 

9 

25 

30.00 

June  10,  1871.— 5i^naZ«  sent  from  Detroit. 


Battle  Mount-  , 

Battlo  ilount- 

Detroit  clock. 

am 

Detroit  clock. 

am 

chronometer. 

chrr>nouieter. 

h.    m.       8. 

h. 

m. 

8.       1 

h. 

m. 

H. 

h. 

m.       8. 

17     12     

9 

17 

. 

17 

14 

10.00 

9 

19    44.81 

10.10 

4.5. 16 

20.15 

54.  HO 

20. 25 

55.40  1 

30.10 

20      4. 00 

30.20 

18 

5. 40  ; 

40.  10 

14.90 

40.  45 

1.5.  50 

50.20 

21.  80 

50.20 

2,5. 10 

15 

0.10 

31.60 

13      0.20 

35.10 

1 

16 

0.43 

21     34  GO 

14      0. 25 

19 

35. 10 

10.10 

44.  10 

SE< 

OXD 

SKllIE.^. 

Detroit  clock. 


|Battli-Mount- 

I  ain 

'  chronoraet^T. 


A.    m. 


h.    m. 

I    9    21 


54.00 
4.50 
14.40 
24.  20 
:i4.  10 


Mean,    17    14    37.  ( 


9    20     12.32. 


l>etroit  clock. 


h.     m. 
17    20 


27 


Battle  Mount- 
ain 
chronometer. 


8. 
.30.24 
40.00 
.50.20 
0.20 
10.  10 
20.  12 
30. 10 


28    30.27  I 


m, 
32 


8. 

3.00 
12.70 
22.70 
32.  70 
42.60 
52.50 

2.60 


34      2.60 


Detroit  clock. 


A. 
17 


Battlf  Mount- 
ain 
f'lironometer. 


30 


40.21  I 
50,21  ' 
59.  84  I 
10.  12  I 
20.  15 

:jo.  21 

30.21 
40.18 


A. 
9 


36 


Detroit  clock. 


Rattle  Mount- 
j  ain 

!  clironomctcr. 


12.60 
22.  .50 
:^2.  20 
42.  40 
52.  40 
2.40 

2.20 
12.  20 


A. 
17 


*•  I 
50.  15  ! 

0.00  I 
10.26  I 
20. 10  I 
.30.30  ; 


2-J.  (»0 
3J.  (»0 
42.  10 
52.  00 
2.10 


Mean,    17    29      0.  IS  ,     9    34    32. 40 

i 


o3  ENG 
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Sifftialjs  sent  from  Battle  Mountain. 


Battle  Mount- 

Detroit  clock. 

am 

chrouometer. 

A.    m. 

8. 

h. 

m. 

*. 

17    19 

26.69 
31.75 
36.60 
41.«) 
46.90 
51.84 
56.  8« 

9 

25 

0.00 
5.00 
10.00 
W.OO 
20.00 
25.00 
30.00 

20 

1.92 

7.15 

12.10 

17.03 

22.00 

35.00 
40.00 
4.'$.  00 
50.00 
55.00 

26.90 

26 

0.00 

32.00 

5.00 

37.00 

10.00 

41.96 

15.00 

46.95 

20.00 

51.95 

25.00 

56.98 

30.00 

31 

2.00 

35.00 

Battle  Mount-  , 

Detroit  clock. 

ain 

chronometer. 

h.    m. 

8. 

h. 

m. 

s. 

17    21 

6.93 
12.  OS 
17.  i.>0 
2l.f-6 

9 

26 

40.00 
45.00 
50.00 
55.00 

27.  08 

27 

0.00 

32.01 

.'i.OO 

36.  e2 

10.00 

41.90 

15.  00 

47.18 

20.00 

51.92 

25.00 

57.25 

30.00 

22 

2.15 

7.24 

12.45 

17.25 

22.50 

35.00 
40.00 
45.00 
50.00 
55.00 

27.35 

28 

0.00 

32.3$ 

5.00 

37.32 

10.00 

42.30 

15.00 

Battle  ^[ount- 

Detroit  clock. 

ain 

cbronometer. 

h. 

m. 

8. 

h. 

m. 

«. 

17 

22 

47.29 
53.3(» 
57.30 

9 

28 

30.00 
25.  (V) 
30.00 

23 

2.46 

7.42 

12.49 

17.  45 

2J  50 

35.110 
40.  (W 
4.>.  m.) 
50.0-1 
5.'..  00 

27.55 

29 

0.00 

32.41 

5.  (to 

37.48 

10.  Oil 

« 

42.40 
47.62 
52.  .-VS 
57.50 

l.-j.  in. 
20.  iK* 
25.  (>» 
30.  W 

34 

2.72 

35L(»d 

Mean,   17    31    44.66       »    27     17.:4t 
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Mean  places  of  stars  for  1871.0  used  for  determination  of  latitude  of  Battle  Mouniain,  Xev, 


No.  of 
pair. 

No.  in 
B.A.C. 

1 
8 

4568 
451»4 
4605 

3 

4640 
4G84 

4 

4694 
4701 

5 

4723 
4752 

6 

4804 
4808 

Decimation. 


1 1  No.  of 
ij  pair. 


o 

/        /' 

55 

20    5.00  1 

26 

21    2. 56 

55 

4  38.  28  1 

29    17    1.25 
51    35  32. 39  , 


31    28    3.52 
50      4    5.00  ! 


29    42  34.  42 
51    54  18.25  ' 


50    25  22. 70 
30    56  20. 26 


No.  in 
B.  A.  C. 


4825 
4841 
4863 

4952 
5000 

5072 
5113 

5157 
5178 


Declination. 


No.  of 
I    pair. 


37 
44 
37 

47 
33 

33 

48 

43 
37 


11  39.22 
11  57.58  !| 

18  26. 30    I 

47  15.90  I' 

34  10.00  ij 

23  49.  53  !' 
9  26. 29  I 

35  44.  60  l| 
3  21.  00 


15 


16 


5252         21    22    3.96 

5307         59    17    3.64  [I        18 


No.  in 
B.  A.  C. 

Declination. 

o 

/        II 

5385 
5400 

36 
44 

49  12.  83 
9  52.74 

5432 
5463 
5479 

34 
46 
34 

11  14.06 

37  18,  00 

6  14.86 

5541 
5549 

30 
50 

46  15.72 
24  5S.  t5 

5596 
5604 

49 
31 

10  53.84 
50  17.80 

5752 

5798 

56 
24 

52  42.  77 
23  49.00 

Observations  for  latitude. — Station,  Battle  Mountain,  Net. 


a 

^« 

Level.      1                        1               I     C            fe^ 

Level. 

S 

1.2 

5     '      "5  5,      ' 

'       e                 r-  c 

Date. 

Kemarks.    i 

Date.       Z     ,       §1 

Remarks. 

o 

o 

^  ee 

6 

<j  » 

N. 

s-  1             ,        1  « 

•S£ 

N. 

S. 

)^ 

S'' 

1                       1              !    5« 

:? 

1871. 

t      d. 

1                    !l 

1    1871.     1 

t       d 

Jnno  6 

5432 

I    41. 5 

18.2 

15.5                         f;  Jane  8  1  5252 

7    91.0 

15.0 

10.0 

5463 

22    13.9 

18.5 

15.2                          1 

1  5307 

35    67.0 

10.0 

15.0 

5479 

-2    34.4 

18.2 

15.8  i                         j 

5385 

8    97.8 

13.0 

12.5 

5541 

12    62.2 

17.5 

16.8 

1  5400 

26    90.5 

14.8 

11.0 

Mast  be  2P. 

5549 

16    49.*0 

22.0 

12.0  1                        i 

1 

. 

5432 

13    76.8 

15.8 

'  10.  0  ' 

June  7 

5252 

7    48.2 

17.0 

15.0 

5463 

34    43.5 

12.8 

13.0 

5307 

35      8.2 

18.0 

13.8                           . 

5479 

10      1.6 

15.8 

10.0 

5385 

11    72.2 

21.8 

10.  2 

5541 

18    16.2 

9.5 

16.8 

5400 

24    59.5 

12.8 

19.0 

,  5549 

21    98. 9 

21.2 

5.0 

5432 

13    81.0 

15.6 

15.0 

1  .5596 

25    79.9 

12.0 

14.0 

5463 

34    47.8 

20.0 

12.8 

'  5604 

14    51.0 

17.5 

8,8 

5479 

10    19.2 

16.3 

16.3                            , 

,5752  1  23    64.  8 

17.8 

9.2 

5541 

18    5.3.0 

20.3 

13.  0  ' 

5rJ8  1  23    83.  8 

17.0 

10.2 

5549 

22    35.3 

18.0 

15. 0  j                       .  June  9  1 

1 

1  4568 

9    86.2 

12,0 

11.0 

June  8 

4568 
4594 

11    10.0 

29    47.0 

12.0 
12.0 

10.5 
10.5 

1 

4594 

28    12.0 

8.0 

15.  8 

4605 

22    55.8 

10.7 

12.0 

1 

4640  i  10    87.  9 

13.5 

10.3 

4684 

28    79.0 

4.0 

20.8 

4640 

11    BB.B 

10.2 

12.2  i 

4684 

29    50.3 

13.0 

10.2  : 

4694 

26    40.2 

6.2 

18.8 

4701 

14    80.0 

17.0 

8.0 

4694 

26    51.0 

15.5 

8.0 

4701 

14    83.6 

8.0 

16.0 

4723 
4752 

25    68.9 
5    93.8 

11.2 
11.2 

13. 5     Must  he  23». 
13.2  . 

4723 

23    2>».0 

12.6 

11.8 

4752 

5    48.9 

14.0 

10.3 

U  No.  4742 

4-04 

12    78.2  1  12.0 

13.0 

' 

4808 

16    67.7 

13.0 

12.2 

4825 

23    27.9 

14.8 

10.0  ' 

'            ' 

4sn 

17     78.  h 

14.0 

10.5 

4825     22    94.2 

14.0 

11.8 

4863 

28    28.0 

14.0 

11.0 

4841      17    56.7 
4863     27    94.5 

12.8 
16.0 

13.2 
10.5 

5072 
5113 

24      9.1 
11     63.0 

11.8 
12.8 

11.8 
11.8 

1 

1 
1 

4ii52 
5000 

20    42.5     19.2 
24    28.5     13.0 

1 

7.8 
15.0 

5157 

32    29.5 

15.0 

9.5 

1 

1  5072 

23    56.7  1  14.0 

14.0 

hUb 

4    65.3 

10.0 

14.8  1 

1                         1 

'  5113 

10    87.  0     20.  8 

7.8 
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No.  of 

Half-snm  of 

Correction  P. 

Latitude. 

^**®-                    '    pair. 

1 

dedication. 

Micr.  and  refr. 

Level. 
+  4.05 

-r   3.P5 
+  7.26 

4-4.19 
+  3.64 
+  5.26 
+  4.86 
+  0.95 

+  2.02 
+  0.14 
-r  0.54 
+  0.34 
4-3.04 
+  5.60 
+  4.32 
+  0.67 
+  0.47 
0.00 
+  2.90 
-^  3w78 
+  3.78 
+  6.01 
+  4.52 
+  10.39 

-  4.59 

-  9.18 

-  2.43 

-  2.90 

-  0.14 
+  1.21 
+  3.44 
+  6.34 
+  9.18 

Mcrd. 

i 
Jnne  6  1871 

0     /         // 
40  24  17.  66 
21  47.85 
35  35.02 

40  19  36.46 
29  34. 96 
24  17.95 
21  48.  09 
35  35. 30 

40  50  41. 76 
42  56. 26 
26  24.  30 
46  11.65 
50  17.23 
41  54.87 

45  18.28 

46  42.34 
19  36. 73 
19  36. 72 

29  35.22 
24  1&20 
21  48.38 
35  35. 57 

30  36.80 
38  15.72 

40  50  41.91 
26  24. 51 
46  11.84 
50  17.41 

40  58.28 

41  55.08 

45  18.49 
40  48.50 

46  42.59 

+13  58. 11 
+  16  30.13 
+  2  36.  42 

4  18  36. 24 
+  8  40. 61 
hl3  56.25 
+  16  22.16 
+  2  34. 57 

-12  22.92 

-  4  39.  54 
+  11  52.38 

-  7  52. 12 
-11  .W.SO 
-3  42.07 

-  7    4. 31 

-  8  23. 70 
-1  18  37.91 
+  18  42.71 
+  8  42.  78 
+  13  55.82 
+  16  27.55 
-\-  2  34.  77 
+  7  36.54 

-  0    7.68 

-12ia29 
+12    4.34 

-  7  49.20 
-11  57.8.-^ 

-  2  37  51 

-  3  37.  37 

-  6  59.  70 

-  2  36.10 

-  8  33. 49 

o      /          // 

40  38  19.82 

21.83 

, 

1ft  70 

June  7,  1871 

16.89 

19.21 

19  46 

15.11 

16.82 

June  8,  1871 ' 

40  36  20. 86 

16.86 

1 

17.22 

1 

19.19 





20.77 
18.40 

18.29 

] 

19.31 

' 

15.11 

1 

19.43 

20.90 

i 

17.80 

1 

19.71 

16.35 

17.86 

ia43 

Jane  9,  1871 

18.93 

19.67 

20.21 

16.63 

20.63 

18.92 

22.23^ 

1 



1ft  74 
1ft  28 

Mean  latitnde  of  Battle  Moontaln,  Nev ,  40°  38^  18".  74  ±0".  21. 

Resulting  astronomical  co-ordinates. 

Adopting  the  longitude  of  Detroit  as  given  in  the  Keport  of  the  Chief  of  Engineers  for  1871,  to  be— 
Qh  24"  0. 14*  west  of  Washington,  or 
83°     3'  3".  90  west  of  Greenwich— 
The  resolting  astronomical  co-ordinates  of  Battle  Mountain,  Nev.,  will  be — 
Longitude :     116°  56'  13".  50  west  of  Greenwich. 
39-3  53'  11".  70  west  of  Washington. 
Latitude:  N.  40°  38'  18". 74  ±0".21. 

AUSTIN,  NEVADA. 
Longitude  117°  03'  41".70;  latitude  39^  29'  21".92. 

The  astronomical  station  is  situated  near  Austin,  Nev.,  in  the  canon 
through  which  the  road  to  Belmont  passes.  A  short  distance  above  the 
Manhattan  Mill,  to  the  east  of  the  station,  the  land  rises  rapidly  to 
Mount  Prometheus ;  to  the  north,  there  is  a  slope  downward  to  the  valley  • 
of  the  Reese  River.  The  mountains  to  the  south  and  west  rise  to  a  height 
of  several  hundred  feet  above  the  station.  The  weather  seems  to  have 
been  quite  fair  when  the  station  was  occupied ;  at  least,  at  night.  During 
the  day  the  clouds  accumulated  about  3  p.  m.,  clearing  again  at  11  p.  m, 
No  detailed  meteorological  observations  were  made  by  the  observer.  The 
observations  were  taken  in  the  same  tent  used  at  Carlin  and  Battle 
Mountain.;  the  instrument  was  placed  on  three  pieces  of  board  buried 
three  feet  in  the  ground.  The  observer,  E,  P.  Austin,  was  assisted  by 
two  soldiers. 
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The  wires  of  the  Western  Union  Telegraph  Company  were  used  for 
exchange  of  signals.  For  time  and  latitude  observations  the  same  in- 
struments were  used  as  at  Carlin  and  Battle  Mountain,  a  description  of 
which  is  given  in  the  proper  place  in  the  report  on  Carlin. 

Connection  was  made  with  Washington  and  Detroit;  Washington 
could  be  reached  only  once.  The  result  derived  from  the  exchanges 
between  Austin,  and  Detroit  and  Washington  for  the  longitude  of  De- 
troit is  again  larger  than  that  given  in  the  Report  of  the  Chief  of  Engi- 
neers for  1871.  This  discrepancy  of  the  results,  being  all  independent 
of  each  other,  will  be  Investigated  at  another  time. 

The  observations  for  time  were  taken  on  the  IGth,  26th,  and  29th  of 
June ;  those  for  latitude  on  June  15, 17,  21,  and  23.  The  corresponding 
determinations  for  time  at  Detroit  were  taken  by  Mr.  O.  B.  Wheeler^ 
assistant  United  States  lake-survey,  and  at  Washington  by  Prof. 
John  R.  Eastman,  United  States  Naval  Observatory.  The  reductions 
of  the  observations,  made  at  the  connected  places,  were  made  in  the  re- 
spective offices ;  those  for  Austin  station  by  Dr.  F.  Kampf,  who  also 
pi^epared  the  report. 

The  explanation  of  signs  in  the  report  for  the  Detroit  observations 
will  be  found  in  the  report  for  Carlin ;  the  same  report  contains  the 
observations  and  computations  for  time  relating  to  Washington. 

For  the  reductions  of  observations  made  at  Austin,  the  same  instru- 
mental values  as  given  in  the  report  on  Carlin  station  were  used.  The 
signals  were  sent  through  by  means  of  automatic  repeaters;  the  num- 
ber of  them  and  also  the  places  where  they  are  situated  are  given  in  the 
Carlin  report. 

Comjmtation  of  olock-wrrection  for  Detroit^  June  16,  1871. 
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8. 

Aberr. 
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B6     1      Cc    !           V 
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(«-0           P 

8.       \       8,         K   m.     8.     i  h.  m.     8. 

m.    8.      1 

8, 

w. 

0 

BootiB 

+ 

.04 

_ 

.02 

+  .29      ^-  .08      14  .")8  32.36     14  57  06.78 

-125.97      ^ 

16 

48 

Cephel,  L.  C 

+ 

.06 
.01 

-  .  47  1  -  .  29     15  05  25  12       3  03  58.  79 
+  .  14  t  +  .  07           11  30.  94^    15  10  05.  49 
+  .  23  .  +  .  07  L       30  40.  6^           29  15.  14 
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25.68    - 

Libra? 

-f 

.03 

.15 

a 

Coronre  Borealis 

+ 

.03 

_ 

.02 

25.85    - 

.01 

A 

+ 

.03 

_ 

.01 

-♦-  .  19  .   +  .  07           3D  22.  07           37  56.  38 

25.»7   ,^ 

.12 

e 

Serpentia 

-f 

.03 

_ 

.01 

4-  .  19  ,  +  .  06           45  50.  31            44  24.  75 

25.83    - 

.01 

< 

Ursse  Minoris  . . 

4- 

.16 

__ 

.07 

+  .97      +  .31           50  12.81           48  48.52 

2.x  66  '- 

.16 

e 

Coroiiie  Borealis 

4- 

.03 

_ 

.02 

+  .  28      +  .  07  1        53  42.  05  !        52  16.  54 

25c  87     - 

.01 

w. 

i 

Ophiuchi 

•i  + 

.03 

__ 

.01 

-f  .  18  1  4-  .  06  1   16  09  02.  44  ,  16  07  36.  79 

25. 91  ;  - 

.IM 

E. 

C 

Ophiuchi   

Hei-culia 

1  _ 

.03 

_ 

.01 

4-  .12     -  .07  j        31  30.6?<  1        30  05.11 

25.58    - 

.32 

i| 

J  _ 

.04 

_ 

.02 

+  .  24  ,    -  .  0-^  i        39  56. 30  1        3r«  30. 35 

«6.05 

.  14 

K 

Ophiuchi 

_ 

.03 

_ 

.01 

f    .17      -  .07  1        ."jS  01.20  1        51  35.39 

25.87    - 

.05 

e 

UrsH^  Minoris  . . 

- 

.10 
.02 

i  1.16      -  .47  1  17  (K)  50.24  1        59  2.\  52 
-r  .  18      -  .  07           10  13.  51  1  17  08  47.  64 

25.31   1... 
25.93 

£. 

Herculis 

1  - 

.03 

.10 

E. 

K 

Aqiiilaa 

.1- 

.03 

_ 

.01 

4-     06     -  .  07  .   19  31  24.  57     19  29  ff».  59 

25.93  '- 

.01 

Y 

Aquihe 

.03 

— 

.01 

f  .  08     -  .  07           41  3,'>.  OS           40  09. 12 

25  93    - 

.<c. 

a 

Aduiho 

.  _ 

.03 

_ 

.01 

4-  .  08     -  .  07           45  56.  92           44  30.  85 

26.  04  ^ 

.0" 

0   AmiilflB 

_ 

.03 

— . 

.01 

+  .  07      -  .  07           .W  26. 10  ,        49  00. 06 

86.00    - 

u» 

E 

A 
A 

UrsiD  Miuoris    . 

' 

-\- 

.74 

.74 
.01 

1-3.  88      —3.  39      19  55  44.  83  i        54  13.  55 

31.03    .. 

W 

ITrsR'  Minoris  . . 

1 

^3.88    t              '-^-fi^ 

4-  .  06  !  4-  .  07     20  12  21. 07 

Capricoriii 

Dciphiui 

•1  + 

.03 

1  20  io  55.'26 

26.6-2  '   ' 

.ft* 

w. 

( 

.1  -r 

.03 

" 

.01 

-r  .  09  ,    i-  .  07           28  30.  22  ;        27  04.  33 

1         26.07     ^ 

.o^; 

Normal  eqnaiion8. 

+ 

49.63 

a 

4-     9.61  p  4-     1.74  6  0  4-      3.60  =  0 

+ 

1480.91 

a'  +  90.89  p  -  34.62  6d-  2-28.03  =  0 

+ 

9.61 

a-f 

90.89 

a'  4-  77.44  p                       -     16.81  =  0 

+ 

1.74 

a  — 

34.62 

a>                    4-  21.00  a  0  +    23.13  =  0 

a 

=  -  0«.  01 

a' 

-^  4-  0«.  14 

c 

=  —  0\  06  lamp  east. 

P 

=  +  0*.  051,  per  hour. 

^ 

t  = 

- 

1«  25\93  ±  0\019  at  17"  \Q^ 
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Computation  of  clock-correction  for  hetroit^  June  26,  1871. 


111.  I 


E. 


Star. 


E. 
W. 


W. 


E. 


p    Bontia 

48  Ctphei,  L.  C... 

H^  Bootis 

a    Corona)  Boreolia 

a    Soorpii 

€    Serpentia 

c    CoroDfB  Borealia 

6    Ophiiichi 

C    Ophiachl 

«c    Oi)hiuchi 

6    Ophinchl 

C    Aqnilie 

a*  A<|nilRs 

6    AquilflS 

«c    Ar[ililifi 

A    TrMB  Mtnoris. .. 

c    Delphini 

«   Cy^Di 

/I    Aqaarii 

32  Viilp<>culee 

GlJCvgni 

^    ^'igni 


-.08 
+.14 

-.oe 

-.07 
-.0(5 
-.06 
-.07 
-.06 
-.06 
-.06 
i-.06 

f.06 
+  .06 
-f.06 
-r.06 

-."06 
-.08 
-.06 
-.07 
-.Od 
-.07 


Aberr. 

Bb 

i. 

i. 

-.02 

+  .15 

+.06 

-  .27 

-.02 

t-  .18 

-.02 

-  .17 

-.01 

-  .13 

-.01 

^  .14 

-.02 

+  .20 

-.01 

f  .14 

-.01 

r-  .13 

-.01 

-  .18 

-.01 

f-  .15 

-.01 

^  .20 

-.01 

^  .16 

-.01 

h  .13 

-.01 

-r  .10 

-.74 

i-4.78 

-.01 

r  .11 

—.02 

>-  .18 

-.01 

^  .08 

-.02 

-,-  .  12 

-.02 

.-  .16 

-.02 

r  .13 

Ce 


I       9- 

I-  .10 
h  .35 

-  .10 

-  .09 

-  .08 

-  .08 


(a-0 


-  .08  116 

-  .08 

-  .08 

T  .08    17 


m.      8.      h.  m. 

58  3.5.55    14  57 

O.'i  28.01  '15  03 

21  07.49  I  19 

30  43.75  I  29 

39  24.93  37 

43  53. 16  I  44 

S3  45. 14  I 


f    .08  ,19 

;-  .08 
+  .08  I 
^  .08  I 
4.4. 12 

-  .  08  '20 

-  .11  I 

-  .08 

-  .09  I 

-  .  10  121 


09    05.23    16    07 


31    33.49 
.')3    03.93  I 


30    26.85   17    28 


58.79  il8    59 

15.69  19  11 
29.48  ! 
26.91  I 
40.46  , 
32.83  20 
32.63  I 
11.  52 

33.70  , 
37.  45  ,21 
56.69  ' 


s. 

06.66 
59.68 
38.63 
15.09 
56.37 
24.74 
16.50 
36.81 
05.14 
35.  42 
58.50 

30.57 
47.40 
01.35 
58.78 
16.37 
04.53  I 
03.96 
43. 19  i 
05.35  I 
08.83  ! 
28.32  , 


-1 


28.84  I  +.16 
28.61    


28.84 
28.65 
28.54 
28.41 
28.66 
28.41 
28.33  ' 
2a  54 
2a  57  j 

28.55 
28.58 
2a  39 
28.36 
:J2.25 
28.24 
2a  64 
28.26 
2a  29 
28.58  " 
2a  32 


+  .17 
-.01 
-r.06 
-.19 
+.04 
—.16 
—.21 
.00 
+.05 

+.11 
-^.14 
-.02 
-.02 
.00 
-.13 
+  .22 
-.06 
-.06 
+.10 
-.04 


Xormal  equations. 
-4-  83. 30  p    -  25. 67  8  ^    -157. 33  =  0 


-    2.30  =  0 
r  22.  00  6  d     -\    14.  86  =  0 


+  1502.  25  a 

^     83.30  a    -111.  16  p 
—    25.67  a 
a    -  +  0\  10 
c    =  -  0*.  08,    lamp  east, 
p     t=  —  o\  053,  per  hour. 
A  «=»  -1"    28*.  54  ±  0-.  Oin,  ftt  18^    04» 

Computation  of  clock-correction  for  Detroit,  June  29, 1871. 
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(♦  (JOphiiichi ;^.06 
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9  ]  ;:  Ophinchl •  .06 
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K  Ophiuchi 1  f-.Ofi 

c  VTMt  Minoris , 

a>  Hercuiis -.03 

aOpfainchi -.03 

,  fi  Ilerciilis - .  0-1 

6  Urea*  MiDoris -i-.  54 

j  K  AquilflB U.03 

'  Y  Aquilie '  .  .03 

1  a  Aqnilw ,  r.  03 

1  A  Ursae  Miuoria 


y  i 

9  I 

5 
3 

5  I 
5  ! 


i  E. 


5  i 

5  i 
3  E, 


-.03 
-.02 
-.01 
-.02 
-.01 
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-.07 
_.02 
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-.01 
-.02 
-.01 
-.02 
-.02 
-.01 
-.10 
-.01 
-.01 
-.02 
-.24 


Bb 


9. 

f  .68 

-  .26 
.11 
.23 
.10 

.  .17 

t  .88 

.25 

.  .12 

-  .17 
i  .,37 

.15 

.29 

;-  .29 

~  .22 

!  1.49 

.13 

.13 

-  .16 
,1.79 


-.01  4-  .12 
-.01  .  .13 
-.01  .10 
-.74  ,  1.79 


Cc 


.13 
.04 
.04 

-  .04 
^  .04 

.04 

-  .17 
I  .04 

.04 

r  .03 

.03 

-  .04 
.04 

•  .04 
f  .04 

-  .23 

-  .04 

-  .04 

-  .04 

-  .57 


h.   m.  9. 

14  32  .12. 24 
58  30.  83 

15  11  29.59 
21  02  77 
39  20.  55 
45  4a  84 
50  10.47 
.'>3  40.  61 
39  22.  03 

16  08  00.  89 
17  17.  83 
31  29.  14 
.17  51.  37 
39  54.  39 
52  .59.  .59 

17  00  46.  86 
10  12.00 
30  22.  82 
42  50.  72 

18  15  41.00 


A.  m.  ft. 

14  51  09.  23 
57  06. 62 

15  10  05. 43 
19  38.60 

37  36.  36 
44  24.  73 
48  47.  70 
52  16.  49 
57  .58.  00 

16  07  36.  81 
15  53.  64 
30  05. 15 
36  27.  20 

38  30.  31 
51  3.5.43 
59  24.  69 

17  08  47.  70 
28  38.  .58 
41  26.30 

18  14  16.93 


-  .  04  19  31  22.  83  19  29  5a  83 

-  .04  41  33.41  1   40  09.36 

-  .  04  45  5.5. 05    44  31.  09 
-1.81  55  41.23  .   54  17.03 


(—0 


»n.     9, 

9. 

-1  23.98 

24.57 

r.08 

24.34  ' 

-r.  13 

24.  46  1 

.00 

24.44 

-^.01 

24.  27  ' 

-.15 

2.3.91  1 

24.  43  1 

+  .02 

24.26 

-.14 

24.23 

-.17 

24.  G4  ■ 

.26 

24.23 

-.13 

24.  55  ' 

-^.20 

24.46 

.11 

24.47 

t.U 

23.81 

24.35  1 

.04 

24.29 

-.01 

24.28 

:.02 

24.51 

24.04  -.07 
24.  10  '  .00 
23. 9H  -.12 
23.42    
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*   Komial  equations, 

1661.  89  a  f  125.  63  p  -  51. 00  SB  +  19.  91-0 

-  125.  63  a  -I     55. 18  p  +    4.  89-0 

-  51. 00  a  +  24. 00  SB  +    6. 02=0 

fl  --  -0».  0C3. 
c  =  —  0«  .  03,  lamp  east, 
p  =  —  0".  082.  per  hour. 
A  «=  -1"  24".  33  ±  0«.  019,  at  le"*  53«. 


Austin,  yev. 

,  June  16,  1871. 

Name  of  star. 

Clamp,  j          T 

&B 

aA 

c  (;           T' 

AR. 

h.  m.     8. 

13  48  33.  G4 
52  26. 2e 

14  n  .*»  j.n 

AT 

n    BootU 

'  h.  m.     9. 
E.      1  13  48    1. 08 
•        51  47.76 

-fO.22 
-0.25 
+0.53 
+0.29 
-0.12 
t  0. 28 

+0.76 
+  6.15 
-2.11 
+0.74 
4  5.04 
_0  7fi 

-0.  36  1  13  48    1.  70 
+1.08  1        51  54.74 
—0.  80  1  14    0  24  04 

m.    a. 

+0  31.94 
31  54 

50  CaiMiopeff>,  L.  C. 

«     DracoDiM 

1  14    0  26.  42 

31  41 

a    Booiis 

9  15.28 

-0.  36             9  15. 95            9  47.  80 
-0.  86  1        17  54.  41  ,        18  26.  44 
+  0.56;        20  17.59           20  49.86 
-^1.43!        27  21.43  1        27  53.23 

31  85 

^    CaHHiopea?,  L.  C. 
e    Bootls  .   .     . 

W.     1        17  50. 35 

.     ...  '        20  17. 51 

38.03 
32. 27 

5    Urea*  Minorfs  . 

1        27  24.62 

+0.58  1  -5.20 
4  0.13  1  +0.48 

91   an 

€    Bootia 

1        38  49.72 

+  0.38,        38  50.711        39  3^56    +0  31.5 

Mean  for  14^  30b  local  sidereal  time Uo  31.836 

Xormal  equations, 
0  =  +  0.08   +aoo<Je  —  a.  47  a'  —  3.15^       St  =  -  o«.i63 

0  =  +    1.00    +a.47(Je    +22.68  a'    +    5.92c  o'=  +  0«.063 

0  =  +  14.82    -3.15Je    +    5. 99  a'    +46.35c  c=-  0«.339 

Adopted  azimuth  >=  +  9*.  00;  the  whole  azimuth  of  the  instrument,  a  =  +9*.063. 


Austin,  Net.,  June  16,  1871. 


Name  of  atar.      Clamp. 


•  SafliitUrii . 
•^  Draoonis.. 
^  AqnilfB  . . . 
K  AqiiilfD... 
y  Aquila)... 
a  Aqnila)  .. 
<  Draconis  . 


m.  9. 
9  31. 40 
12  9.85 
18  27.86 
29  23.80 
39  35.  78 
43  57.  38 
48  15.98 


bB         aA        eC 


9. 
-0.03 
-0.15 
-0.06 

0.00 
+0.04 
+0.06 
-1O.25 


9. 

+  4.44 

-6.00 
+2.93 
+.3.56 
+2.39 
-^^2.54 
-7.22 


Mean  for  19>>  30»  local  sidereal  time  . 


9. 
-0.38 
-0.89 
-0.34 
-0.34 
-,-0.35 
-0. 35 
-0.99 


m.  9. 
9  35.45 
12  2.81 
18  29.79 
29  27.02 
39  37.86 
43  59.  6.'} 
48  a  02 


AR. 


h.  m.  s. 

19  10  6.88 
12  34.  46 
19  1.17 
29  58.59 
40  9.12 
44  30. 85 
48  39.39 


AT 


m.  9, 
+0  31.  43 
31.63 
3L38 
31.57 
3L96 
31. » 
fO  3L90 


+0  31. 3fc7 


Xormal  equations. 
0  =  -  0. 55    -r  7. 00  «5  e    +  0.  54  a'  6t—  -\-0:OB 

0  =  +  0. 68    +  0. 54  (J «    +  5. 93  a'  a'  =  -  0«.122 

Adopted  azimuth,  -r  5*.00 ;  whole  azimuth,  +  4*.  878. 


Austin  J  Xer.j  June  26,  1871. 


Name  of  star. 


Clamp.  I 


W. 


h.  m.     9. 
14    0    9. 75  ! 
5  42.48 
9  22.  HO  I 
20  14.20 
26  47.  28 
38  55.  40 
43  27.  50 
50  13.66 
56  36.80 
9  4.V  84 
19    9.  85  I 


Moan  for  U""  40«  local  sidereal  time 


«    Draconis 

«    Virginia 

tt    Bootin 

€    Bootis 

Ji    TJrHae  Minoris. 

«    BriotiH 

«»  LibrflP 

ft   lTr«fl»  Minoris. 

0  Bw.tis 

tf    Libra' 

M^  Booiis 


E. 


15 


bB 

aA 

cC 

T 

AR. 

9. 

9. 

9. 

h.  m.     9. 

h.  m.      9. 

-uO.91 

4  13. 11 

+  1.35 

14    0  2.'*.  12 

U    0  55.  45 

0.25 

-9.89 

+0.58 

5  33.42 

6     9.09 

,0.30 

-4.60 

+  0.61 

9  18.91 

a  47.79 

+0.  58  1  f  4.  74 

+0.93 

90  20.45 

90  49.67 

n  0.  95 

+  2.44 

+2.  41 

27  23.08 

97  59.54 

;-0.29 

-32.98 

4  0.64 

38  53.35 

39  29.48 

f  0. 11 

-10.93 

-0.59 

43  16.  09 

43  46.04 

4  0.69 

^28.08 

-2  16 

50  40.26 

51     9.44 

^0.46 

+  0.49 

-0.  S7 

S6  36.88 

57     6.68 

40.06 

-10. 13 

-0.56 

15    9  35.  21 

15  10     5.  46 

^0.11  1-  0.48 

-0.72 

19    8.76 

19  3a  19 

AT 


+0  30.33 
*«.6T 
9^?<1 
99.92 
29.46 
99.13 
S9.!)S 
99.  Ip 
99.  i« 
30.95 

vO  99L43 


L475 
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Xonnal  equations. 


0=  _  4.  68 
0=   r42.80 
0=  +43. 17 
Adopted  azimuth, 


4-11.00     <J;-  3.09     a-  2.80c    <Jt-     -0«.525 

—  3.09    6  (+14. 42     a+  5.64  c      «=    -  2».  858 

—  2.80     St  r  5.64     af49.98c       c=     ^0-.  570 

— 10>.  00;  whole  azimuth  of  the  iDstrument,  — 12*.  858. 


Auetinj  Nev.^  June  29, 1871.' 


Name  of  star.     |  Clamp. 

T 

6B 

aA 

cC 

T 

AR. 

AT 

1  _ 

5    TTrsasMinoris..!      E. 

r    Bootis ' 

<    B«oti8 1 

ai  Libne 1 

h.  m.     i. 

14  27  40.83 
34  16.  22 
38  58.40 
43  19.20 
50  57. 06 
56  43. 98 

15  3  18.  96 
9  38.22 

20  45.  32 
28  50.50 
37  30.08 

idereal  time  . 

9. 
-0.41 
-0.20 
-0.31 
—0.20 

9. 

-10.  64 
■r  1.83 
+  1.05 
4-  .T90 

a. 

-1.11 
-0.28 
-0.30 
-0.27 
-1.00 
-0.40 
-1.19 
+0.27 
+0.87 
4  0.29 
+0.27 

h.  m.    8. 

14  27  28. 67 
34  17.57 
38  58.84 
43  22.63 
50  45. 90 
56  43. 20 

15  3  36.  77 
9  41.89 

20  37. 17 
28  51. 54 
37  32.  49 

h.  m.     9. 

14  27  52. 32 
34  41.  00 
39  22.04 
43  46. 02 
51    9.25 
57    6.62 

15  3  59.  96 
10    5.45 
81    0.04 
29  15.07 
37  56.36 

m.    9. 

+0  23.65 

23.43 

23.20 

23.39 

3  Ursa^  Minoris    1 

—0. 16  1—10.00 

23.35 

0  BootiB 1 

48Cephei,L.C.-..,     W. 

0   Libra 

y*  TJrsfB  Mlooris 

-0.30 
-t  0.  43 
-0.22 
—0.86 

-  0.18 
fl8.57 
+  3.62 

—  8.16 

23.42 
23.19 
23.56 
22.87 

a    CorouflB i 

a    Serpentis ' 

-0.35 
-0.34 

+  1.10 
+  2.48 

23.53 
+  0  23.87 

Mean  for  ISf"  0"  local  a 

+0  23. 405 

Normal  equations, 

0=    +  1.48    +11.00     6t+  0.78     a+10.86c 
0=    -13.57    +0.78     «J(+31.61     a+a.91c    a=    -0«.  415 
0=     -15.71     +10.86     «Je+  2.91     a+T^Wc    c=    -0».963 
■>  <  ^  Adopted  azimuth,  4  5*.  00 :  whole  azimuth  of  the  iDstrnment,  +4*.  585. 

-    The  following  table  shows  the  corrections  and  rates  for  the  sidereal 
chronometer : 

Kegus  1344. 


Date. 


Local  sidereal 
time. 


Correction  of 
chronometer. 


Adopted  hourly 
rate. 


June  16, 1871 
June  26, 1871 
June  29, 1871 


h. 
17.0 
14.7 
15.0 


m.    9. 
+0  31. 619 
+0  29. 475 
+0  23.405 


+0.042 
+0. 070 
+0.085 


The  signals  were,  sent  by  soand  from  the  mean -time  chronometer 
Hatton  No.  288.  It  was  compared  with  Negus  1344,  both  before  and 
after  exchange.  The  comparison,  June  16, 1871,  made  before  exchange, 
is: 

h.     m.       a.  h.     m.       s. 

Negus  1344 14    45    45.0        14    48    50.0 

Hutton  288 8    45    37.0  8    48    41.5 

and  after  exchange — 

h.     m.       8.  h.     m.       a. 

Negns  1344 18    44    16.0        18    47    20.0 

Hutton  288 12    43    37.0        12    46    40.5 

The  hourly  rate  of  Hutton  288,  derived  from  these  comparisons,  would 
be  7".773;  this  first  comparison  has  to  be  rejected,  as  there  is  evidently 
a  mistake  in  it,  as  shown  by  the  comparison  below.  Both  chronometers 
were  compared  again  the  next  morning. 

h.    m.       «. 

NeRUS  1344 6    44    37.0 

Hutton  288 0    41    59.5 

The  rate  derived  from  this  comparison  and  that  made  after  exchange 
is  9*.8561,  and  is  used  for  the  determination  of  the  change  of  Hutton 
288  against  sidereal  time. 
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The  comparisons  of  both  chrouometers  on  the  other  dates  are  as 
follows: 


h.  m.  9. 

June  26, 1871.    Negus  1344 15  36  30.0 

Hutton  2dd 8  58  57.0 

After  exchange : 

Negus  1344 13  20  21.0 

Hutton  288 11  40  21.0 

June  29, 1871.    Negus  1344 15  42  12.0 

Hutton  288 8  50  44.5 

After  exchange : 

Negus  1344 17  30  33.0 

Hutton  288 10  38  47.5 


h.     m.       9. 
15  41  31.0 
9   1  57.5 


18  23  24.0 

11  43  23.5 

15  45  15.0 

8  53  47.0 


17  33  35.0 

10  41  49.0  . 


From  these  comparisons  is  derived  the  data  given  in  the  table  below. 

HttUon  283. 


Date. 


Hutton'8 
time. 


Slow  of  sidereal 
time. 


LoBing  per 
hour. 


Jnne  16, 1871 
June  26. 1871 
June  29. 1871 


h. 
18.7524 
11. 6078 
10.  6717 


h.  m.    ». 
6    1  10.79 
6  40  29.  46 
6  52    8.  94 


9.«»6l 
9.  96^iO 
9.912tj 


Exchange  of  signals  hetiveen  JVaskingionj  Detroit^  and  Austin. 

JUNE  16,  1871. 

Signal9  sent  from  Detroit 


Detroit  clock. 


h. 
18 


9. 

30.16 
40.24 
50.26 
0.30 
10.22 
20.21 
30.08 

30.26 
40.  OH 
50.15  I 


Austin  chro- 
nometer. 


Detroit  clock. 


Austin  chro- 
nometer. 


12.60  ! 
28.70 
32.70 
42.60  I' 
52.61)  , 
2.60  1, 
12.50   I 

12.30 
22.20    I 
32.20   , 


i. 

0.05 
10.30 


10.19 
19.78 
30.  OH 
40.07 
50.15 


h. 
10 


3d 


40 
41 


Detroit  clock. 


42.10   I 
52.20   ; 

0.00   I 

I 

I 

0.00   I 
51.60  ,, 

1.30    I 
11.70   I 
21.  60 
31.60 


h. 
19 


U      0.03 

1  10.  11 
20.08 
30.  10 
40.22  I 
50.  05  1 

2  0.07 


Austin  chro- 
nometer. 


41    41.30 


42 
43 


41.10 
51. «) 
1.20 
11.10 
21.40 
31.10 
41.10 


,1 


Mean,  18    57    48. 53      10    39    30. 26 


fsECOXD  SEIUKH. 


Detroit  clock. 


h. 
19 


13  0. 05 
10.  OH 
20.23 
30. 2H 
40.  29 
50.21 
59.83 

15      0. 00 


Austin  chro- 
nometer. 


Detroit  clock. 


h.    m. 

9, 

10    54 

39.20 

49.10 

59.40 

55 

9.40 

19.50 

29.  30 

38.90 

56 

3a  90 

AuMtln  chro- 
nometer. 


9. 

10.17 
20.  20 
30.43  • 
40.  17 
50.  10  I 
0.05  , 

0.00  ; 

10.20  , 


h. 
10 


57 


58 


*•  I 
49.00  ' 
59.00   , 

9.20  , 
18.90  I; 
28.80  I 
38.  70  1 
li 
38.70 
48.60 


Detroit  clock. 


Austin  cliro- 
I      nometer. 


h. 
10 


20.10 

:w.  10 

40.  28 
50.25 
59.57 


9. 
5H..'iO 

8.60 
IK  70 
dH.tiO 
38.00 


Mean.  19    15    30. 12      10    57      8. 9I> 
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SigiMlt  sent  from  Atutin. 


Detroit  clock. 

AuBtin  chro- 
uometer.       ' 

Detroit  clock. 

Austin  chro-  , 
nometer. 

Detroit  clock. 

Austin  chro- 
nometer. 

h.    in.     8. 

h.    in.     g.       ' 

h.    in.     8. 

h.    m.     ». 

h.    m.     8. 

h.    m.     9. 

19      J    20.33 

10    47      0. 00  ' 

19      7      5. 85 

10    48    4.\00 

19      6    51.00 

10    50    30.00 

25. 26 

5.00 

10.61 

50.00  ' 

56.00 

35.00 

30.  24 

10.00 

15.70 

55.00  1 

9      1.22 

40.00 

:J5.32 

15.00  ; 

20.70 

49      0.00  1 

5.95 

45.00 

40.31 

20.00  , 

25. 77 

5.00 

10.98 

50.00 

45.  37 

25.00 

30.61 

10.00  ; 

15.92 

55.00 

M.  38 

30.00 

35.69 

15.00  1 

21.00 

51      0.00 

55.  rs 

35.00 

40.74 

20.00 

25.99 

5.0O 

6      0.77 

40.00 

45.  G9 

25.00  , 

30.90 

10.00 

5.71 

45.  00 

50.80 

30.00 

35.98 

15.00 

10.  54 

50.00 

56.00 

35.00 

41.21 

SO.OO 

15.  46 

55.00 

8      0.95 

40.00 

46.34 

25.00 

20.44 

48      0.00  ' 

6.00 

45.00 

51.23 

30.00 

a.'*.  47 

5.00  1 

10.88 

50.00 

56.26 

35.00 

30.34 

10.00  ' 

15.  72 

55.00 

10      1.28 

40.00 

35.fi0 

15.00  1 

20.86 

50      0. 10 

6.00 

45.00 

40.47 

20.00  ! 

25.87 

5.00 

11.21 

50.00 

45.60 

25.00  1 

30.78 

10.00 

16.10 

55.00 

50.63 

30.00  i 

35.81 

15.00 

21.10 

53      0.00 

55.68 
7      0.70 

35.00  , 
40.00  1 

41.00 
46.00 

20.00 
35.00 

Mean,  19      7    50.78 

10    49    30.00 

SiitnaUsentfrom  WashingUm. 


Washington 
clock. 


h. 

20 


14 


40.00 
50.00 
10.00 
90.00 
30.00 
40.00 


Austin  chro- 
nometer. 


34 


9. 
36.6 
46.2 

6.3 
16.3 
26.4 
36.0 


Washington 
clock. 


h. 
30 


8. 

50.00 
10.00 
20.00 
30.00 
40.00 
50.00 


Austin  chro- 
nometer. 


8. 

46.3 

as 

16.1 
26.0 
36.0 
46.0 


Washington  clock. 


h.    m.     9. 
90    17    10.00 
20.00 


Austin  chro- 
nometer. 


A.    m.     8. 
11    36      6.0 
16.0 


Mean,  30    16     0.00 


11    34    56.10 


SECOND  8EBIE8. 


Washington 
cluck. 


20  35  25. 
35. 
45. 
55. 
36  5. 
13. 
25. 
35. 
4.). 
55. 


Austin  chro- 
nometer. 


Washington 
clock 


h.    m. 
11    54 


55 


1 
9 
0 
9 

0    I' 

li 

7     I 
6     I 


h. 
30 


Austin  chro-    ' 
nometer. 


39 


2.'.  00 
35.(0 

4.5.  00  I 
5.5.00 

5.00  1 

15.00  I 

25.00  I 

35.00  ' 

45.00  I 


58 


Washington  clock. 


20 


tn. 
40 


8. 

5.00 
1.-).  00 
2.5.00 
35.  00 
45.00 
55.00 


Mean,  20    38    15.40 


Austin  chro- 
nometer. 


8. 

57.0 
7.0 
17.0 
27.1 
37.0 
47.0 


11    57      7.90 
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SigntUa  sent  from  Au$Hn, 


WaBhington   i    Aastin  chro- 
clock.         I       uometer. 


clock. 


h. 

m. 

9- 

h. 

m. 

8. 

so 

2L 

6.0 
11.0 
l.'i.O 
21.0    1 

11 

40 

0.00 
5.00 
10.00 
15.00 

iS 

56.3 

41 

50.00 

S3 

1.3    i 

55.00 

si.'s   . 

42 

2.V60 

36.4    ' 

30.00 

46.6 
51.5 
56.5 


34 


40.00 ; 
45.00 

50.00  . 


6.3    ! 

43      0.00 

11.2 

5.00 

16.3    1 

10.00 

21.4 

15.00 

86.6 

20.00 

31.6    1 

25.00 

h. 

20 


24 


25 


9. 

36.7 
41.7 
46.7 
51.7 
56.4 
1.6 
6.4 
11.7 
16.6 
21.7 
26.6 
31.7 
36.7 
41.9 

51.9 
56.5 
1.7 
6.6 
11.7 
16.6 


AuAtin  chro- 
nometer. 


44 


45 


$. 

30.00 
35.00 
40.00 
45.00 
50.00 
Sj.OO 
0.00 
5.00 
10.00 
l.'i.OO 
20.00 
25  00 
30.00 
35.00 

45.06 
50.00 
55.00 
0.00 
5.00 
10.  UO  I 


Washinifton  clock.    ,  '^'^^^.t^^ 


h.    m. 
20    26 


Mean,  20    25    19.37 


41.8 
47.0 
52.1 
56.9 
27  1.9 
6.9 
12.0 
17.0 
21.9 

3i'6  ' 
37.0  , 
42.0    > 

92.0 

56.9 

26      1.8 

7.0 


h. 
11 


4. 

35.06 
40.00 
45.00 
50.00 
55.  M 
0.00 
5.00 
10.00 
15.00 


25.00 
30.01) 
35.  Oi) 


\:*.  00 

50.ri0 

55.00 

47      0.00 


U    44    12.74 


Si^ndlt  tent  from  Augtin. 


WMhington 
clock. 


m  48 


9. 

10.3 
15.3 
80.2 
25.2 
30.4- 
3.5.3 
40.3 
45.4 


Anatin  ohru- 
uometer. 


0.00 
5.00 
10.00 
15.00 
20.00 
25.00 
30.00 
35.00 


Washini^u 
clock. 


48 
49 


9. 

50.5 
55.5 
0.5 
5.5 
10.3 
15.3 
20.6 
25.5 


Austin  chro- 
nometer. 


h. 
12 


9. 

40.00 
45.00 
50.00 
55.00 
0.00 
5. 00 
10.00 
15.00 


Washington  clock. 


h, 
20 


9. 

30.5 
35.5 
40.4 
45.5 
50.6 


Mean,  20    49      0.41 


Anatin  chro- 
nometer. 


A.    m.     «. 

12     8   2aoo 

85.(0 

saoo 

35.00 
40.  OU 


19      7    50.00 


Signala  tetUfrom  Au9Hn. 


Washington 
dock. 

Austin  chro- 
nometer. 

Washington 
clock. 

Anatin  chro- 
nometer. 

Washington  clock. 

Austin  chro- 
nometer. 

h.   m.      9. 

A.   m.      9. 

h. 

m.     9. 

h.   m.     9. 

1               A. 

m.      9. 

K    m,     9, 

90    57    11.9 

12    16      0.00 

20 

58    32.0 

12    17    20.00 

20 

50    59. 3 

19    18    40.00 

16.9 

5.00 

. .  . 

57.7 

45.00 

21.8 

10.00 

42.1 

30.66 

21 

0      2.4 

50.00 

26.8 

15.00 

47.0 

3.-».00 

7.3 

55.  W 

32.0 

20.00 

92.1 

40.00 

12.4 

19      0.  l« 

38.9 

25.00 

1 

41.8 

30.00 

59      2.4 

50.00 

92.2 

10.00 

46.8 

35.00 

7.3 

55.00 

' 

27.2 

15.00 

52.0 

40.00  ' 

12.2 

18      0.00 

32.4 

90.00 

57.0 

45.00  1 

17.2 

5.00 

1 

37.3 

23.  «W 

58      2.1 

50  00 

2-2.1 

10.00 

1 

42.3 

30.00 

7.0 

55.00 

.... 



47.4 

35  00 

12  0 

17      0  00 

32.2 

20  00 

17.0 

5.00  1 

37.2 

25.00 

Meau,  20 

58    57.63 

19    17    45. 5n 

22.0 

10.00 

4-2.1 

30.00 

27.0 

15.00 

47.3 

35.00 
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JUNE  26,  1871. 
Signals  sent  from  Detroit.  * 


Detroit  clock. 


Anstin  cfaro- 
uometer. 


h.    m. 
19    43 


0.19  I 

i9."87  I 
30.00  I 
40.00  I 


h.    in. 
10    45 


9.6 

29.2 
39.4 
49.5 


Detroit  clock. 


9. 
50.00 
0.00 

40.35 
50.54 


Aastin  chro- 
nometer. 


h.    m.       9. 

10  45    59.3 
46      9.2 

11  0    47.3    l| 

57.4     ,1 


Detroit  clock. 


h.    m. 
19    59 


Meau,  19    48    39. 04 


Anstin  cbTo> 
uoiueter. 


h.    tn.      9. 
16      1      7. 3 


10    50    47.57 


8EC0XD  SERIES. 


Detroit  clock. 


20      9 


Austin  chro- 
nometer. 


0.00 
10.00 
20.20  , 
30.00 
40.51 
50.20 


i  h.  m.  9. 
11  IJ  5.2 
15.1 
25.2 
35.2 
45.4 
55.4 


Detroit  clock. 


Austin  chro- 
nometer. 


20      9    59. 98       11    12      5. 1 


0.00  > 
10.27  I 
20.18  I 
3U.  13  I 


13 


5.0 
16.0 
25.0 
35.0 


Detroit  clock. 


Austin  chro- 
nometer. 


20    11    40. 10  ,    11     13    44. 9 


50.19 
59.73 


14 


55.0 

4.8 


Meau,  20    10    30. 11  >    11    12    35. 0» 


BignaU  9ent  from  Au9tin. 


Detroit  clock. 


k. 
20 


m.       *. 

0    55.49 


4.60 
9.58 
14.79 
19.77 
24.69 
29.78 
34.8-2 
39.  68 
44.03 
49.85 
54. 92 
59.61 
4.79 
9.90 
14.64 
19.61 
24.  93 


Austin  chro- 
nometer. 


h.    m. 
11      3 


0.00 

10.00 
15.00 
20.00 
25.00 
30.00 
35.00 
40.00 
45.00 
50.00 
55.00 
0.00 
5.00 
10.00 
15.00 
20.00 
25.00 
30.00 


Detroit  clock.  '  ^"^tin  chro- 
"^  I       nometer. 


h.    m. 
20      2 


49.  87 
54.91 
59.90 


25. 00 
29.91 
34.  95 
39.89 
44.93 
49.  71 
54.81 
59.92 
4.91 
10.00 
14.80 
19.87 


m.       9. 

4  

5  

55. 00 

0.00 
5.  (JO 

30."  CO 
35.00 
40.00 
.45.00 
.')0.00 
55.00 

6  0.00 
5.00 

10.  00 
15.00 
20.  00 
25.00 


Detroit  clock. 


Austin  chro- 
nometer. 


h. 

20 


9.  ,  h.  m. 
24.74  I  11  6 
29.92  I 
35.00  I 
40.00  I 
45.17  I 
49.89  I 

55. 15  I         r 


5.00  i 
10. 18 

15.20  I 
20.10  I 
25.  00  I 
30.21 

35. 21 
40.39 
45.47 
50.  43 
55.48 


8 


30.  OO- 
35.00 
40.00* 
45.00 
50.00 
55.00 
0.00 

io.oa 

15.00 
20.00 
25l00 
30.00 
35.10 
4a  OO 
45.00 
50.00 
55.00 
0.0O 


Mean,  20      3    30.63      11      5    35.69' 


JUNE  29,  1871. 
Signals  9ent  from  Detroit. 


Detroit  clock. 

Anstin  chro- 
nometer. 

Detroit  clock. 

Anstin  chro- 
nometer. 

Detroit  clock. 

Austin  chro- 
nometer. 

h.    m.      9. 
18    54      0.00 

10. 11 
20.17 
30.20 

40. 12 
/           50.42 

55  0.16 

56  0.00 

h.    m.      9.     1 
9    44    34.2    1 
44.0 
54.1 

45  4.2 
14.0 
24.2 
34.2 

46  33.8 

k. 

18 

m.      8. 

56  10.31 
20.  18 
30.21 
40.37 
50.  oy 

57  0.29 

58  0.15 
10.19 

h.    m.      9. 

9    46    43.9 

53.8 

47  3.6 
13.8 
23.6 
33.7 

48  33.5 
43.4 

h.    m.       *. 

18    58    20.24 

30.19 

40.  21 

50.20 

59      0. 18 

h.    m.      8. 

9    48    5a  6 

49     a  5 

las 

2a  4 

33.4 

Mean,  18    56    30. 19 

9    47      a7tf 
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KECOXD  gERIES. 


Detroit  clock. 

Austin  chro-  i 
Dometer. 

Detroit  clock. 

Austin  chro- 
nometer. 

De 

troit  clock.       1 

1 

h.    m.      8. 

19    10      0. 38 
10.32 
20.12 
30.23 
40.16 
50  25 

h, 
10 

m.      8. 

0  31.6 

41.5  j 

51.6  . 

1  1.6    1 
11.5 
21.6 
31.5    , 

2  31.3 

h. 
19 

m.      8. 

12  10. 2C 
20.17 
30.20 
40.21 
50.22 

13  0. 18 

16      0.28 
10.20 

h. 

10 

m. 
2 

3 

6 

8. 

41.0 
51.1 
1.0 
11. 0 
21.1 
31.1 

30.7 
40.5 

h.    ill.       8. 

19    16    20.21  I 

30.30  t 

40.2-')  1 

50.  no  1 

17      0. 3ii 

11  0.27 

12  0.27 

3Iean, 

19    13    10.23 

1 
1 

Austin  chro- 

nometer. 

h     m. 

8. 

iu     (i 

50.5 

7 

0.6 

10.5 

20.4 

30.5 

10       3     41. 06 


SignaU  sent  from  Atutin. 


Detroit  clock. 

Austin  chro- 
nometer. 

Detroit  clock. 

Austin  chro- 
nometer. 

Detroit  clock. 

1 

Austin  chro- 
nometer. 

h.    m.      8. 

h.    m.      8. 

A.    m.      8. 

h.    m.      8. 

h. 

«.   ..  1 

h.    »M.       s. 

19      1    27.99 

9    52      0.00 

19      3    13.13 

9    53    45.00   ' 

19 

4    5a  43  , 

9    55    SiJ.OD 

32.98 

5.00 

18.27 

50.00  „ 

5      a47  ' 

35.(^) 

37.83 

10.00 

23. 32 

55.00  1 

a  42  1 

40.00 

43.00 

15.00 

1                   28. 4fi 

54      0.00   . 

13.55  ' 

45.00 

48.18 

20.00 

1                   33.37 

5.00 

ia67  , 

50.00 

53.00' 

25.00 

38.29 

10. 00   : 

23.63  : 

55.00 

5a  10 

30.00 

1                   43.26 

15.00 

88.77  , 

56      0.00 

8      2.93 

35.00 

4^27 

20.00  , 

33.76  1 

5.00 

8.00 

40.00 

53.25 

25.00   1 
30.00  1' 

38.48  ' 

10.00 

13.00 

45.00 

1                   58.43 

43.70 

15.00 

1&16 

50.00 

4      3. 52 

35.00   , 

4a  79  1 

30.0" 

23.10 

55.00 

8.45 

40.00    1 

53.64  1 

35.00 

38.00 

53    aoo 

1                   ia46 

45.00    , 

58.72  ■ 

30.00 

33.23 

5.00 

1                   18.45 

50.00 

6      3.80  : 

35.00 

38.00 

10.00 

i                   33.35 

55.00  i' 

a  85 

40  W 

43.00 

15.00 

2a  65 

55      0.00   1 

13.79 

45.00 

48.00 

20.00 

33.66 

5.00    ' 

ia73 

50,00 

53.10 

35.00 

3a  41 

10.00    1 

23.83 

55.00 

5&32 

30.00 

43.35 

15.00    1 

38.64 

57      0.00 

3      3.26 

35.00 

4a  45 

30.00    ' 

a34 

40.00 

53.53 

35.00  |l 

Mean,  19 

3    5a37  ! 

1 

9     54    30.00 
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Determination  of  longitude  hetiveen  Washington,  D.  C,  and  Austin,  Xev. 


June  16,  1871. 


'  Meanofsig- 
I  nals  Hent 
i  and  received. 


Time  correc-  ' 
tion. 


Corrected 
time. 


DifPerence  of ' 
longitude.     I 


Means. 


Washington  clock — 
Austin  chronometer. 
Washington  clock  — 
Austin  chronometer. 
Austin  chronometer. 
Washington  clock. . . 
Austin  cnronometer. 

Washington  clock 

Austin  chronometer.. 
Waahingteu  clock 


h.  m.     8. 
'M  16    0.00 
11  34  .')6. 16 
20  38  15.40 
11  57    7.90 

11  44  12.74 
20  25  1».  37 

12  7  50.  00 
20  49  0.  41 
12  17  45.  5) 
20  58  57.  63 


h.  m.     8. 
-0  0    2.  27 
+6  0  59. 26 
-0  0    2.23 


4  6  1 
4-6  1 
-0  0 
-1-0  1 
-0  0 
4-6  1 
-0  0 


2.90 
0.78 
2.28 
4.65 
2.28 
6.29 
2.28 


h.  m.  8. 
20  15  57.73  ,. 
17  35  55.  42  ; 
20  38  13.12  '. 
17  58  10. 80  1 

17  45  13.52  L 
20  25  17.  09  I 

18  e  54.65    . 
20  48  58. 13 
18  18  51.  79    . 
20  58  55. 35 


K   m. 


2  40  3. 31  I . 


2  40  2.32 


2  40  3. 57 


2  40  3. 48 


8  40  2.32 


2  40  3.M 


Austin,  Xev.,  west  of  Washington,  D.  C,  2A.  40m.  2. 938. 


Mean  places  of  stars  for  1671  used  for  determination  of  latitude  of  Austin^  Xev. 


No.  of 
pair. 

i 

No.  in 
B.  A.  C. 

Declination. 

No.  of 
pair. 

No.  in 
B.  A.  C. 

Declination. 

4847 

O   /     /' 

16  58  22.  31 

5693 

o  /    // 
31  55  0.  47 

1 

4874 

61  48  45.  81 

11 

5706 

46  44  55.  94 

4905 

19  38  14.45 

12 

5740 

65  19  54.  64 

2 

4918 

59  49  7.  80 

13 

5745 
57.53 

65  14  7.35 
13  47  26. 25 

4980 

48  39  1. 13 

5757 

13  45  18.  36 

3 

5001 

29  43  14.  44 

5785 

54  38  26.  40 

5075 

30  45  18.71 

14 

5798 

24  23  49. 00 

4 

5113  • 

48  9  20. 29 

."i863 

32  38  9.99 

5259 

36  3  ,33.  20 

15 

5871 

46  22  6.04 

5 

5271 

42  48  48.  95 

5900 

20  11  30.49 

.')319 

33  41  43.  38 

16 

5918 

58  45  37.  83 

6 

5388 

45  16  26.  88 

5951 

55  15  38.  97 

5426 

19  8  6.60 

17 

5967 

24  23  18.  74 

7 

5459 

60  4  6.27 

6021 

27  47  52.  65 

5480 

34  0  16.  80 

18 

6052 

50  48  45. 30 

8 

5497 

44  59  9.  56 

6087 

30  12  5. 28 

5568 

46  52  31. 27 

19 

6129 

48  27  33. 22 

9 

5604 

31  50  17.  80 

6162 

43  26  50.  67 

5628 

64  50  1. 62 

20 

6235 

36  0  27.  75 

10 

5647 

13  29  20. 80  1 
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Observations  for  latitudc^Stationy  Austinj  Nw. 
JTT2JB  15, 1871. 


S'S 

Level. 

Level. 

No.  of 

II 

Bemarks. 

No.  of 
star. 

Remarks. 

star. 

s 

N. 

S. 

gS5 

N. 

S. 

t     d. 

d. 

d. 

i 

t     d. 

d. 

d. 

4847 

U    9.1 

14.0 

11.8 

! 

5740 

12  18.2 

4874 

20  61.6 

12.2 

ia6 

5745 
5753 

16  48. 1 
18  4a  5 

16.8 

11.0 

4905 

26  80.8 

14.0 

12.0 

1 

5757 

16  93.4 

6.5 

21.5 

4918 

5  12.5 

13.2 

12.5 

1 

5785 

12  69.7 

15.8 

12.5 

5075 

16  41. 2 

13.3 

13.0 

■1 

5798 

15  '38. 0 

11.5 

16.5 

5113 

19  25.6 

12.5 

13.8 

1 
1 

5863 

18  41.1 

12.8 

15.7 

5319 

13  80.2 

13.8 

13.0 

1 

5871 

17  27.  4 

14.2 

14.0 

5388 

14  21. 0 

12.0 

15.0 

i 

5900 

20  10.6 

13.0 

15.0 

5426 

25  8a  2 

10.5 

16.8 

5918 

21  22.4 

14.5 

14.0 

5459 

15  76.7 

15.0 

12.0 

'i    6021 

11  19.6 

13.5 

15.0 

5480 

19  95.0 

13. » 

14,2 

!    6052 

27  67.7 

13.0 

15.6 

5497 

19  36.2 

12.2 

15.4 

1 
1 

6087 

15  27.5 

14.0 

14.8 

5568 

24  99.9 

12.5 

15.7 

1 

6129 

29  49.6 

11.2 

17.2 

5604 

13  19.5 

14.0 

14.4 

6162 

7  45.0 

12.5 

16.2 

5628 

34  57.9 

11.8 

16.8 

6235 

28  60. 0 

16.5 

12.8 

5647 

5  50.3 

16.0 

12.5 

5693 

8  75.0 

14.5 

13.8 

5706 

22  49.2 

18.8 

9.3 

JUNE  17, 1871. 


No.  of 
star. 


4905 
4918 


4980 
5001 


5075 
5113 


5319 
5388 


5426 
5459 


5480 
5497 


5568 
5604 


5628 
5647 


|35 


Level. 


N. 


t     d. 

26    3.7 

4.77.6 

33  3a7 
6  60.6 

16  98.4 
19  51. 5 

13  63.6 

14  7.8 

26  81. 0 
16  71. 8 

90  15.2 
19  59.5 

24  22.3 
13  27.9 

34  42.7 
5  15.5 


d. 
14.0 
9.0 

ia8 

15.3 

2.0 
22.0 

13.0 
12.0 

15.2 
11.5 

ia8 

13.7 

15.5 
16.0 

as 

90.3 


Eomarks. 


d. 
12.0 
17.0 

12.8 
10.8 

25.0 
5.2 

15.8 
17.2 

12.8 

17.8 

16.0 
15.6 

14.2 
14.0 

21.2 
9.3 


Mast  be  68^.4. 


Most  be  2<i.3. 
Excl. 


No.  of 
star. 


5740 
5745 
57.'>3 
5757 

57o5 

5798 

5863 
5871 

5900 
5918 

6021 
6052 

6087 
6129 

6162 


.Si  t  B     1 


Level. 


i    N. 


t     d. 
11  61. 0 

15  92.5 

18  10. 2 

16  56. 3 

13  36.7 
15  94. 4 

19  39.4 
18  30.0 

21  13.8 

22  31.6 

11  41.3 
37  84.8 

14  61,  7 
98  fe7.9 

6  89.4 
97  92.7 


d. 

13.0 

16.5 

14.0 
13.7 

17.0 
12.3 

15.8 
11.8 

11.2 
15.6 

13.0 
11.9 

19.9 

9.8 


S. 


d. 

16.9 

13.5 

15.8 
16.3 

12.8 
17.2 

14.8 
17.8 

17.9 
19.8 

15.0 
16.9 

14.6 
16.5 


Bemarkf. 


34£Na 
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Ohservaiions  for  latiiude. — Station,  Austin j  ^er.— -Con tinned. 
JUNE  21, 1871. 


lU 

Level. 

S'S 

LeveL 

No.  of 

RemarkB. 

No.  of 
star. 

IH 

Bemarlcs. 

star. 

pa  1 

N. 

S. 

^^a 

N. 

S. 

t     d. 

d. 

d. 

t  d. 

d. 

d. 

5568 

24  75.3  1 

14.8 

17.8 

5863 

18  91.4 

16.0 

17.2 

5604 

17  97. 6  , 

17.2 

15.5 

Moat  be  12*. 

5871 

17  81.  9 

14.9 

ia5 

5628 

34  59. 7  ' 

11.7 

21.2 

5900 

22  20.0 

16.4 

ilo 

5647 

5  40. 2  ! 

21.2 

11.5 

5918 

23  35.9 

14.7 

ia7 

5693 

9  37.0  ' 

16.8 

16.0 

5951 

4  81.0 

17.0 

ia5 

5706 

23  29.1 

15.0 

17.7 

5967 

34  71. 4 

16.8 

17.0 

5740 

12  8a3 

14.7 

lao 

6021 

11  34.5 

17.5 

16.1 

5745 

17    2.9  , 

6052 

27  75.1 

14.0 

19.6 

57.'>3 

19  27.  4  1 

18.1 

15.0 

5757 

17  69.  7 

6087 

14  63.7 

17.5 

16.3 

6129 

28  7a  7 

15.9 

lao 

5785 

13  51. 2  i 

15.  7         17.  2 

5798 

16  21. 3  1. 

16.2         17.0 

6162 
6235 

7  73.0 
28  95.0 

15.9 
19.8 

lai 

14.0 

JUNE  23,  1871. 


No.  of 

Micromc  • 
ter-read- 
ings. 

Level. 

lie  nark  9. 

No.  of 
star. 

Level. 

Remarks 

«tar. 

N. 

s. 

N. 

S. 

.1259 
5271 

f.     d. 
16    5.5 
20  65.4 

15.5 
15.2 

1 

.    d. 
16.0 
17.0 

.MSO 
5497 

t.  d. 

20  86.2 
20  33,4 

d. 
20.8 

as 

d. 
12.5 
24.5 

.•V319 
5388 

13  86.7 

14  31. 9 

14.5 
14.2 

lao   1 

19.0    ' 

5568 
5604 

25  29.5 
13  47.9 

16.5 
12.0 

17.0 
21.0 

5426 
5459 

26  49.9 
16  4.^.  5 

12.8 
17.5 

20.5    i 
15.5 

5628 
5647 

34  25.0 
5    4.1 

13.8 
14.5 

19.5 

ia8 

Computations  for  latitude  of  Austin,  Xev. 


Date. 

No.  of 
pair. 

Halfsum  of 
decliDatioD. 

CorrectiODS. 

LatSiade. 

Micr.  and  refr. 

Level. 

Hcrid. 

Jane  15.1871 

1 

2 

4 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

18 

19 

20 

o     /        // 
39  23  40. 78 
43  47.  75 

27  28.27 
29    9.43 
36  10.96 
29  46.70 
21  27.37 

9  43.52 
20    0.40 
33  42.18 

29  44.56 
31    9.20 

30  a  97 

28  34.74 

18  ia66 

19  4a  31 
4;}  37. 46 

+  5  44. 77 
-14  36.93 
+  1  55.01 
+  0  16. 50 

-  6  49. 06 

-  0  23. 78 
+  7  57. 37 
+19  35.97 
+  9  15.75 

-  4  14. 91 

-  0  lasi 

-  1  4a  50 

-  0  45. 98 
+  0  45.22 
+11    6.53 
+  9  35wl2 
-14  15.35 

+0.54 
+1.82 
-0.67 
-1.48 
-2.23 
-2.  77 
-2.43 
-1,01 
+6.88 
-6.21 
-a  21 
-1.15 
-L82 
-1.01 
-2.77 
-4.59 
0.00 

O        ' 

39  29  tf.O« 
92  tr4 

22.  f>l 

84  4.^ 

19.67 

91)  13 

S3.  V 

90l  4f* 

S3L  03 

1'^  <H 

90.04 

IQ  55 

9L1T 

l^Q^ 

92.42 

la  H 

9S.U 
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'        Date. 

No.  of 
pair. 

Half-sum  of 
deolination. 

Latitude. 

Micr.  and  reft*. 

Level. 

Herid. 

June  17, 187 1 

2 
3 
4 
6 
7 
8 
10 
12 
13 
14 
15 
16 
18 
19 
20 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

5 
6 
7 
8 
9 
10 

o     /       // 
39  43  4a  10 
n  14.51 

27  28.70 
29    9.90 
36  11. 43 
29  47.20 

9  43.99 
33  42.60 

29  44. 98 

31   9.rj 

30  9.53 

28  35.28 

18  19.22 

19  4a  90 
43  3a  14 

39  21  28. 92 
9  44. 91 

20  2.10 
33  43.72 

29  46.02 

31  10.80 

30  10.64 

28  36.34 
49  30.82 

18  20. 36 

19  50.06 
43  39.50 

39  26  17.51 

29  11.32 
36  12.79 
29  4a  69 

21  29.  43 
9  45. 38 

1      II 
-14  19. 87 
+18    3.10 
+  1  54. 48 
+  0  17.87 

-  6  4a  13 

-  0  22.53 
+19  43.90 
-422.55 

-  0  25.79 

-  1  44.22 

-  0  44.24 
+  0  47.  65 
-rll    4.67 
+  9  36  78 
-14  10.62 

+  7  56.27 
+  19  40,78 
+  9  22.99 

-  4  20.  49 

-  0  27. 01 

-  1  49. 23 

-  0  44.28 
-r  0  46. 88 
-20    9.42 
+  11    3.49 
+  9  32.25 
-14  la  18 

+  3    5.99 
+  0  ia27 

-  6  46. 19 

-  0  21.36 
+  7  57. 85 
+19  41.35 

// 
-4.05 
+3.71 
-2.16 
-5.40 
-2.63 
-2.77 
-1.21 
-0.61 
-0.61 
-2.97 
-0.47 
-3.38 
-2.02 
-4.72 
-6.14 

—0.88 
+0.14 
-1.28 
-0.14 
-0.13 
-L55 
-a  24 
-3.10 
+0.20 
-2.83 
-0.61 
+2.43 

+  1.55 
+  5.60 

+a85 

+  4.99 
+6.  41 
+  6.75 

o     /       // 
39  29  24. 18 

21.32 

21.02 

22.37 

SO.  67 

21.90 

26.68 

19.44 

ia5e 

22.54 

24.82 

22.55 

21.87 

20.96 

21.33 

Jane  21  1871 

39  29  24.  31 

25.83 

23.81 

23.09 

ia88 

20l02 

26.12 

20.12 

21.60 

21.02 

21.70 

23.77 

Jane  23, 1871 

39  29  21.95 

23.99 

22.75 

22.34 

20.87 

19.98 

Mean  Utitude  of  Austin,  Nev.,  39^  29'  21".92  ±0".20 

Adoptiag  for  the  longitade  of  Detroit  83°  3'  3".90  west  of  Greenwich,  the  resultini?  astronomical 
co-ordlaates  of  Austin,  Ker.,  will  be  : 

Longitude,  117°  3'  41".70  west  of  Greenwich. 
40°  O'  39".90  west  of  Washington. 
Latitude,  N.,  39°  29*  21".92  ±0".20. 


ST.  GEORGE,  UTAH. 
Longitude,  113o  35'  0".30 ;  latitade,  37°  06'  29"  38  ±  0".08. 

The  astronomical  station  is  situated  in  St.  George,  a  Mormon  town  in 
Southwestern  Utah,  of  about  2,000  inhabitants.  The  monument,  a  sand- 
stone pier  buried  in  the  ground  and  24  inches  above  the  surface,  is  lo- 
cated 30  feet  distant  from  the  southern  door  of  the  school-house,  72  feet 
distant  from  the  street  running  from  east  to  west,  and  160  feet  from 
Main  street.  The  connection  with  natural  objects  was  made  in  the  year 
1872  by  Mr.  Thompson,  topographer  of  the  expedition  of  that  year.  The 
town  is  situated  in  the  valley  or  caiion  of  the  Virgin  Eiver,  near  the 
junction  of  the  Santa  Clara  with  this  stream.  To  the  westward,  fifteen 
miles  distant,  is  the  Virgin  range;  to  the  north,  the  high  Pine  Valley 
range ;  while,  to  the  south  and  east  the  broken,  eroded,  and  faulted 
plateaus  of  the  Colorado  extend.  In  the  immediate  neighborhood  are 
several  smaller  settlements,  the  most  promising  of  which  is  Washing- 
ton. The  climate  is  mild,  and  the  principal  industry  fruit  and  wine 
growing. 

No  detailed  meteorological  observations  were  taken  at  this  place 
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when  the  station  was  occupied  by  the  astronomer.  As  far  as  can  be 
learned  from  the  diary,  the  nights  were  pretty  clear,  and  the  condition 
of  the  air  very  favorable  for  astronomical  observations.  In  1872  some 
barometric  observations  were  taken  to  determine  the  altitude  of  the 
place. 

The  astronomical  observations  were  taken  in  a  common  wall-tent,  as 
at  the  other  stations.  Mr.  A.  E.  Marvine,  the  observer,  was  assisted 
by  a  recorder  and  two  soldiers,  and  Mr.  E.  P.  Austin  had  charge  of  the 
Salt  Lake  observatory,  the  use  of  which  was  kindly  tendered  by  Presi- 
dent Brigham  Young,  of  the  Mormon  church.  Through  him  the  use  of 
the  Deseret  Telegraph  line,  for  exchange  of  signals,  was  secured.  The 
wires  were  brought  into  the  tent  by  a  loop. 

The  astronomical  instruments  used  at  St.  George  were  the  combined 
transit,  used  before  by  Assistant  E.  P.  Austin,  in  Nevada,  and  the  side- 
real chronometer,  Negus  No.  1344.  The  Salt  Lake  instrument  belonged 
to  President  Young,  and  was  used  by  a  Coast-Sarvey  party,  and  by  the 
expeditions  of  1872  and  1873.  All  the  data  relating  to  this  instrument 
will  be  found  in  the  general  report  for  1873  by  J.  H.  Clark. 

Button  mean-time  chronometer  No.  288  was  used  for  the  determina- 
tion of  time.  All  the  observations  were  taken  by  eye  and  ear,  and  the 
exchange  of  signals  made  by  sound. 

Connection  was  made,  as  stated,  with  Salt  Lake  observatory.  Ex- 
changes of  signals  were  effected  on  the  nights  of  September  13, 14,  and 
16, 1871. 

The  observations  at  both  stations  were  compared  in  1873  by  Dr.  F. 
Kampf,  and  rereduced  in  1874,  when  this  report  was  made  up  by  bim. 

The  instrumental  values  for  the  St.  George  instruments  will  be  found 
in  the  Carlin  report,  and  those  for  the  Salt  Lake  transit  in  J.  H.  Clark's 
general  report  for  1873.  The  telegraphic  line  is  three  hundred  miles 
long,  and  the  signals  were  transferred  direct,  without  repeaters.  The 
discrepancy  between  the  results  for  longitude  on  the  first  and  second 
days  is  very  remarkable,  but  too  large  on  the  second  day  to  take  into 
the  final  result.  It  may  be  that  this  change  is  an  example  of  rapid  va- 
riation in  personal  equation. 

Salt  Lake  Citjf^  September  13, 1871. 


^ame  of  star. 

1 

T 

bB 

aA 

eC 

T' 

AR. 

AT 

»    LyrflB 

^    Lyra 

W. 

A.   m.      8. 

e    54    12.09 

7  6    5d.94 
12      9.50 
21      6.88 
34      9.65 
40    37.59 
51    35.00 

8  1    45.70 
10    14.64 

8. 

-0.33 
-0.26 
-0.65 
-0.22 
-0.40 
-0.17 
-0.15 
-0.20 
-.0.34 

o'.oo 

+0.02 
-0.28 
-f0.06 
-0.15 
-fO.08 
-fO.09 
-fO.07 
-0.18 

+0.02 
+0.02 
+0.06 
+0.02 
+0.04 
-0.62 
-0.02 
-0.02 
-0.05 

h.  m.     8. 

6  54    11.78 

7  6    56.72 
12      &63 
21      6.74 
34      9.14 
40    37.48 
51    35.01 

8  1    45.55 
10    14.07 

h,    m.      8. 

16  32  35.46 
45  90.37 
50  32.36 
59    30.:i3 

19  12  32.64 
19  1. 31 
89  5&86 
40  .9.35 
48    37.84 

h.    m.      8, 
+  11     38    S3.70 
A65 

50  Draconis.. 
C    Aqnila  . . 

.... 

«.73 
21 5» 

o   DraoooiB.. 

9X3i 

6    AqailiB... 
r    Aaniln . 

E. 

83-83 

S3. 85 

AquilfB... 

S3.t« 

t  Draoonis.. 

+11    38    93w77 

Mean  fc  ''^  ^^^^  TTnM^ira 

time 

+  11    38    tt7l3 

2fbrmal  equatiane, 

0=  +  0.12    +9.00<J«    -1.25a    -4.10c  ^t=  +  o".0l3 

0  =  -1.35    -1.25  J  t    +9. 79  a    +&84c  a=  +  0'.l«5 

0  =  -1.66    -i.l0  6t    +8.84  0    +3S.01e  e  =  -0'.016 
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Salt  Lake  City,  September  13,  1871. 


Name  of  star. 

Clamp. 

T 

dB          aA 

cC 

T' 

AR 

AT 

cPegaai 

Ik  Capricomi .... 

W. 

h.  m.     8. 

9  59    2.53 

10    7  27. 46 

12  29. 62 

20  20.91 

8, 

-  0.06 

-  ao2 

0.00 

-  0.06 

8.     \       8.     \  A.  m.     *. 
r  0.13    +  0.02     9  59    2.62 
+  0.21  H    0.0i  10    7  27.67 
-  0.44    +  0.O6  I      12  29.24 
.u   0  Ifi  '  ;.   0.  0*2          90  Ql.  0.1 

h.  m.     8. 

^1  37  53. 24 
46  18.06 
51  19.74 
59  11.  74 

h.  m.     8. 
+11  38  50.62 
50.39 

79  DraconiB 

50.50 

a  Aqnarii 

+11  38  50. 71 

Mean  for  lOi'.lBlB  Huttona  timfl  . 

+  11  38  50.555 

« 

Normal  equations, 

0  =  +  0.52+ 4.00  ae  + 0.24a  ^e  =  -0«.145 

0  =  -  1.23  +  0.24  i  t  ^  4.S9a  «  =  +  0«.238 

Adopted  e  »  —  0*.016.    It  is  not  possible  to  solve  normal  equations  if  factors  for  e  are  introduced. 

Salt  Lake  City,  September  14, 1871. 


Kame  of  star. 

Clamp. 

T 

6B 

aA 

cC 

T' 

AB. 

AT 

5  Draconis 

6  Aqaila) 

W. 

h.  m.     8. 

7  30    7.07 
36  35.50 
47  32.92 
57  43.50 

8  2    .MO 
6  12.38 

15  26.03 

«.                8. 

0. 00  —  0. 32 
—  0. 04    t-  0. 17 

+  0.05 
-L  0.02 

h.  m.    8. 

7  30    6.80 
36  35.65 
47  33. 15 
57  43. 68 

8  2    5.35 
6  12.13 

15  26.24 

h.  m,     8. 
19  12  32.50 
19    1.29 

29  58.84 
40    9.33 
44  31.12 
48  37.78 
57  52.12 

h.  m.    8. 
+  11  42  25.79 
35.64 

K  Aquilee 

0.00    +  0.21 
+  0.06    f  0.14 
+  0.06   +0.15 
+  0. 20  —  0. 39 
-4-  0.07  :-i-  0.  ifi 

+  0.02 
,—  0.02 
-0.02 
—  0.06 
.0.02 

25.69 

y  Aquilie 

a  Aqaila) 

£. 

25.65 
25.77 

c  DraconiB 

25.65 

T  AauilcB • 

+11  42  25L88 

8796  Hot 

Mean  for  V^, 

ton's  time  2C 

S8 

+11  42  25.724 

Normal  equations, 

0  =  +  0.41  +  7.00  ^  f  +  0.41  a  <J  e  =  -  0«.076 

0  =  ~  1.41  + 0.41  3e  +  5.18«  a  = +  0-.278 

Error  of  coUimation  found  by  preliminary  redaction  =  —  0«.02. 


Salt  Lake  City,  Septeniber  14, 1871. 


Name  of  star. 


I  Aqnarii.... 

llCephei 

/&  Capricomi . 
79 Draconis ... 

A   Aqnarii 

9   Aqnarii.... 


Clamp. 


W. 


&B  i  aA 


A.  m.  «.  «.  8 
9  48  06.08'-0.14l+0.16 
57  16.36,-ai0,-0.31 
10  03  2a76'-0.02+0.18 
08  30.761  0.00<-0.38 
16  22. 57,-0. 04, +0.14 
27  14.421-0.10+0.16 


cC 


8. 

-0.02 
-0.06 
-0.02 
+0.07 
+  0.0*2 
+0.02 


h.  m.    8. 

9  48  06.  OH 

57  15.89 

10  03  28. 90 

08  30.45 

16<!2.69 


AR. 


k.  m.    8 

21  30  55. 26 
40  05.01 
46  ia05 
51  19.71 
59  11. 74 


27  14. 50  22  10  03.  89 


Mean  for  10^.1279  Hntton  2S8 . 


AT 


h.  tit.     8. 

+11  43  49. 16 
49.12 
49.15 
49.26 
40.05 

+  11  42  49.39 


+11  42  49. 193 


Normal  equations. 


0-=  +0. 07+6. 00  J  e  —0. 27  a  it  =  -0«.l08 

0«  — L69— 0.27«Je+8.06a  •  » +0'.206 

Adopted  ca=— 0".03 


Digitized  by  LjOOQ  IC 


534 


REPORT   OF   THF   CHIEF   OF   ENGINEERS. 
Salt  Lake  City,  September  15, 1871. 


Name  of  star. 


1    Aqailo)  .. 

a  Lyr» 

0  Lyree  — 
50  Draconis. 
<  Aquilffi  .. 
e  Draconis. 
6  Aqnilie  .. 
K  Aqailse  . . 
y  AqoilflS  . . 
a   AqailSd  . . 


Clamp. 


TV. 


h.  m.    t. 

6  41  51. 86 
46  15.  03 
58  59. 85 


bB 


aA 


eC 


061+0. 
7  04  12.47-0.10—0. 
05+0. 
12—0. 
04: +  0. 
021+0. 
03; +0. 
03(+0. 


13  09.  94 
26  12.37 
32  40.70 
43  38. 21 
53  48. 70 
58  10.  48 


— 0.C 
+0.1 
+0.C 
+0.C 
+0.C 
+0.C 


23,+0. 
Ol+O. 
05+0. 
691+0. 
15+0. 
36-«. 
19—0. 
23;— 0. 
16—0. 
17—0. 


Mean  for  t^  3337  Hutton  288  . 


h.  m.    9, 

6  41  52. 14 
46  15.07 
58  59.86 

7  04  II.  76 
13  10.  06 
26  12.08 
32  40.91 
43  38.44 
53  48.87 
58  10.66 


AB. 


h.  m.    8. 

18  28  1%  71 
32  35.43 
45  20.32 
50  32.17 
59  30.29 

19  12  %3. 52 
19  01.27 
29  58.83 
40  09.32 
44  31. 11 


AT 


h.  m.    9. 

+11  46  20.57 
20.36 
20.46 
20.41 
20.23 
20.44 
20.36 
20.39 
20.45 

+11  46  20. 45 


+11  46  20.  412 


Normal  equations. 

0i=  +1.  74+10. 00  a  « +0.47  a 
0=  —2.59+  a47<J«+a67a 
Adopted  c=  —  0».  02 


d  t  =  — 0*.  188 
a  =  +0'.  309 


Salt  Lake  City,  September  15, 1871. 


Name  of  star. 


(  Aqnarii 

11  Cephei. 

n  Caprlcoraii 

«  Aqnarii , 

9  Aqnarii 

ir  Aqnarii. 
226  Cephei. 


Clamp. 


E. 


W. 


h.  m.     s. 
9  44    5. 42 
53  15.48 
59  27.96 

10  12  21. 94 
23  13.93 
31  53.79 
43  15.74 


Z>B 


9. 

+  0.03 
+  0.42 
+  0.03 
-  0.04 
+  0.03 
+  0.03 
+  0.45 


Mean  for  10''.2278  Hntton's  time. 


aA 


9. 

+  0.27 
-0.53 
+  0.31 
+  0.23 
+  0.27 
+  0.22 
-0.92 


eO 


9. 

-  0.02 
-0.06 
-0.02 
+  0.02 
+  0.02 
+  0.02 
+  0.09 


T' 


k.  m.    9. 

9  44  5.70 
53  15.31 
59  2&28 
10  12  22. 15 
23  14.25 
31  54.06 
43  15. 36 


AB 


h.  m.     9. 

21  30  55.25 
40  04.97 

46  iao4 

59  11. 74 

22  10  03.88 
18  43.63 
30  04. 97 


AT 


h,  m.     9. 

+11  46  49.55 
49.66 
49.76 
49.59 
49.6a 
49.57 

+11  46  49.61 


+11  46  49. 624 


Normal  eqitatUme. 

0  =  —  0.72  +  7.00  J«—  J0.43  a  ^  t  =  +  0«.124 

0  =  — 4.15  — 0.43a«+ 12.05  a  a= +  0-.349 

Adopted  c  =  -  0*.02 

.  St,  George,  UtaJi,  SepUmber  13, 1871. 


Name  of  star. 


a  Sagitarii... 
T  Draconis .  . 

K  AqniltD 

/9  Aqail».... 
T  Aqnilee  . . . . 

K  Cephei 

IT  Capricorni. 
i  Delphini... 


Clamp. 


W. 


h.  m.    9. 

19  06  04.  44 

14  00. 18 
25  56.62 
44  5a  83 
53  50,47 

20  09  15.02 

15  56.56 
23  03  52 


IB 


aA 


9. 
0.11 

1.39 


cC 


I  9.  9. 

-  0.13  1+  0.42 
+  0.29   +  1.28 


-  0.43 

-  0.10 

+  0.40 

-  0.34 

—  0.03 

-  0.40 

-  0.18 

-  0.03 

-  0.41 

-  i.r<i 

,+  0. 18 

-1.82 

-  0.32 

;-  0.05 

-  0.42 

-  0.52 

-  0.03 

-  0.41 

AB. 


h. 

m,     9. 

19  06  04.62 

14  00.36 

25  56.49 

44  58.06 

53  49.85 

2( 

09  11.85 

15  55.77 

23  02.56 

h,  m.     9. 

19  10  07. 05 

18  02.76 
29  5a  66 
49  00.  40 
57  52.14 

20  13  14. 25 

19  5a  30 
27  04.99 


Mean  for  19^  40">  local  sidereal  time. 


AT 


m.    9. 

+  4  02.43 
08.40 
68.  .37 
08L34 
02.29 
08.40 
02L53 

+  4  02L36 


+  4  09.3 


The  azimnth  of  the  inatrnment  is  changed  after  reversing.    The  error  of  coUimation  in  derlyed  by 
preliminary  compntatiou,  =  —  0*.40 ;  and  the  azimuth  determined  for  both  positions  separately. 


Nomxal  equations. 

For  clamp  west :  0  =  —  0.06  +  3.00  St—  0.44  a 
0= +  0.78- 0.44  <Je+   5.39  a 

For  clamp  east :  0  =■  +  0.04  +  5.00  8  t  -  0.59  a 
0  =  +  0.61  -  0.59  J  e  +  10.13  a 


at=    o-.ooo 

a  =  — 0».M5 
«t=»-0«.W 
a  =  -  O'.OOO 
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Name  of  star. 


I 


Pegasl I     E. 

Aqaaiii 

Pegaai 

Cephei 

Pisciam 

PlBciam 


W. 


I  k.  m.    t. 
!  21  33  50. 76 

23  14  41. 04 
I  31  01.65 
I        41  Oa  34 

23  17  24.31 
I        29  17. 88 


Mean  for  22^  33"  local  sidereal  time 


bB 

aA 

c 

C 

T' 

AR. 

AT. 

t. 

*. 

*. 

h.  m.     $. 

h.  m,    $. 

m.     g. 

—  0.57 

—  0.07 

_ 

0.75 

21  33  49.37 

21  37  53. 23 

+ 

4  03.86 

—  0.51 

—  0.09 

— . 

0.74 

22  14  39.70 

22  18  43.64 

03.94 

—  0.66 

—  0.07 

_ 

0.75 

31  00. 17 

35  03.99 

03.82 

—  1.66 

+  0.36 

__ 

1.79 

41  05.25 

45  00. 12 

03.87 

—  0.94 

—  0.08 

+ 

0.74 

23  17  24.03 

23  21  27. 82 

03.79 

—  1.U2 

-0.06 

+ 

0.75 

29  17. 53 

33  21.38 

+ 

4  03.85 

oae  ..... - 

+ 

4  03.855 

Normal  equations, 

0=— 0.30    +6.00(Je    +0.58  a  «t=  +  0'.055 

0=  +  1.03    +0.23  5  t    +6.57  a  a  =  — 0M58 

Error  of  coUimation  found  by  preliminary  reduction  =  —  0.74. 

St.  George,  Utah,  September  14, 1671. 


Name  of  star. 


Clamp. 


bB 


aA 


cC 


AR 


_i_ 


AT 


(     Aqnarii 

c      Pe^aai 

II  Capricomi . 

a  Aqnarii.... 

r  Aqnarii.... 

226  Cephei 

<     Pe^asi 

t      Cephei 

a     Pegasi 

0  Pisciam  . . . 


W. 


k.  m.    8. 

21  26  42. 34 
33  40.54 
42  05.11 
54  58.92 

22  14  30. 82 
26  00.90 
30  49. 11 


40  54. 56  —  0.  79 


54  07.67 
23  17  12. 


8. 
—  0.03  +0.64 
+  0.42 
+  0.71 
+  0.55 
+  0.52 

—  2.23 
+  0.41 

—  2.03 
+  0.35 
+  0.46 


+  0.09 

—  0.06 
0.00 

—  0.10 

—  1.28 

—  0.24 


—  0. 29 

—  0.50 


8. 

—  1.46 

—  1.46 

—  1.46 

—  1.44 

—  1.44 

—  5.79 
+  1.46 
+  3.48 
+  1.49 
+  1.45 


h.   m.  8. 

21  26  41. 49 
33  39.59 
42  04. 30 
54  5a  03 

22  14  29.  80 
25  51.  60 
30  50. 74 
40  55.22 
54  09.22 

23  17  14.31 


h.  m. 

21  30 
37 
46 
59 

22  18 
30 
35 
45 
58 

23  21 


55.26 
53.23 

iao5 

11.74 
43.64 
O.'S.pO 
03.98 
09.11 
22.53 
27.82 


m.    8. 

4  13.  n 
13.64 
13.75 
13.  71 
13.84 
13.40 
13.24 
13.89 
13.31 

4  13.51 


Mean  for  22^25">  local  sidereal  time  . 


+  4  13. 606 


Xormal  equaiume. 

0  =  +   4.31    + 10.00  «J«    —  0.23  a    —   3.57  c 

0  =  — 16.67    —  0.23  J «    +14.34  a    +   2.78  c  a  =  +0".884 

0  =  — 45.50    —   3.57  iJe    +   2.78  a    +  30.07  c  c=  +  r.444 

St,  George,  Utah,  September  15, 1871. 


l^ame  of  star.      Clamp. 


TJrsn  Hinoris. 

Lyra? 

AqnilflD 

Draconis 

Aqnilfc 

AquiliB 

Aquilse 


k.  m.     8. 

18  10  06. 18 
28  12.63 
55  06.36 

19  13  43. 67 
25  3a  83 
35  44. 76 
40  06. 46 


Mean  for  lO^*  0"  local  sidereal  time. 


W. 


bB         aA         cC 


8. 

+4.18 
+0.38 
+  0.26 
+0.26 
+0.10 
+0.14 
+  0.17 


8. 

-33.93 

—  0.08 
+  1.08 

-  5.37 
+  1.32 
+  1.22 
+  1.24 


8. 
-5.46 
-0.  42 
-0.33 
+  1.12 
+0.33 
+0.33 
iO.33 


h.  m.     8. 

18  09  30. 97 
28  12.51 
55  07. 37 

19  13  39.  68 
25  35.58 
35  46.  45  1 
40  0a20  I 


AR 


h.  m. 

18  13 
32 
59 

19  18 
29 
40 
44 


8. 

53.94 
35.43 
30.29 
02.62 
58.83 
09.32 
31.11 


AT 


m.  8. 

-  4  22. 97 

22.92 
22  92 
22.94 
23.25 
22.87 

-  4  22.91 


4  22.97 


Normal  equations. 


0«+  38.84-^  7.00<J<-  13. 04 a  +  12.69c 
0-  -516.71-13.04<Jt+  169.32a-2l0.22c 
0  -=  +  654.  68  +  12. 69  «J  e-  210. 22a  +301. 96 c 


<I  t  =  -  0».  030 
a  =-  -r  2«.  647 
c  =  -  0*.  324 
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Name  of  star.      Clamp. 


bB 


aA 


cC 


AR. 


AT 


0  Aquarii 

^    Aqaarii 

a    Aqaarii 

ir   Aqaarii 

a    Pegasi , 

0    Piaoiam 

y   Cephei 

Groom.  4163.. 
a  Andromeda) . 
y     PegMl 

a    CasaiopeiB... 
SI  CaaaiopesB... 


W. 


h.  m. 

21  20 
96 
54 

92  14 
53 

23  17 
29 
44 
57 

70  02 
28 
33 


21.48 
28.60 
45.11 
17.20 
56.99 
01.49 
53.33 
23.63 
21.36 
13.10 
53.74 
02.86 


8. 
-0.20 
—0.06 
-0.13 
-0.94 
-0.38 
-0.31 
-1.50 
-1.39 
-0.43 
-0.37 
-0.80 
-2.67 


Mean  for  23i>  5'n  local  sidereal  time. 


8. 

-fl.53 
+2.15 
+1.85 
+1.76 
+1.19 
+  1.56 
-7.86 
-6.34 
+0.54 
+1.93 
-1.70 
-6. 67 


8. 
+0.38 
+0.38 
+0.38 
+0.38 
+0.39 
+0.38 
+1.66 
-1.34 
-0.42 
-0.39 
-0.67 
-1.38 


h.  m.     8. 

21  20  23. 19 
26  31.07 
54  47. 21 

22  14  19.10 
53  58.12 

23  17  03. 12 
29  45.63 
44  14. 63 
57  21. 05 

0  02  13. 57 
28  50. 57 
32  52.14 


h.  m.     8. 

21  94  4&95 
30  55u95 
59  11.74 

99  18  43.63 
5e99.»l 

23  21  97. 82 
34  10.25 
48  40. 14 
0  01  45l  88 
06  3&08 
33  15.31 
37  15. 71 


+  4  95.06 
94.18 
94.53 
94.53 
94.40 
94.70 
94.6-2 
95.51 
24.83 
94.51 
94.74 

+  423.57 


+  4  94.60 


Normal  equations. 

0= +33.83+ 12.00/J*-  3.60a  +    0.72c  it^-l:9W 

0-= -66.22-   3.60ae  +  18.84a-   7.9lc  a=+2'.999 

0= +46.58+   O.T26t-  7.9lat  57.38c  c  =  -0-.375 

The  following  table  contains  correction  and  rate  of  Hatton  288 : 


Date. 


September  13,  1871 
September  14,  1871 
September  15, 1871 


TTn^^n'o  timix     Corfectloii  of 
Hatton  8  time.         Hutton. 


k. 

a  8498 
9.0038 

8.7807 


h.  m.     8. 
+  11  38  37.134 
42  37. 458 
46  35. 018 


Bate  per  hoar. 


-10.9965 
-I0.4J79 
-10.0937 


The  corresponding  observations  at  Saint  George  give  for  Negus  1344: 


Date. 


Correction  of 
Negus  1344. 


Rate  per  hoar 
adopted. 


September  13, 1871 
September  14, 1871 
September  15, 1871 


h.  m.     8. 

+0  4  3.122 
13.606 
23.785  I 


-0. 410 
-0.433 
-0.430 


Exchange  of  signals  between  Salt  Lake  City  and  Saint  George. 

SEPTEMBER  13,  1871. 

SignaU  sent  from  Salt  Lake  City. 


Salt  Lake 
chronometer. 

Saint  George 
chronometer. 

;      Salt  Lake 
1  chronometer. 

Saint  G^or^e 
chronometer. 

1  Salt  Lake  chronom- 
;               eter. 

Saint  George 
chronometer. 

h.    m.     8. 

9      11     0. 0 
10.0 
90.0 
30.0 
40.0 
50.0 

12  0.0 

13  0.0 

h.    m.     8. 

20    38    52.7 

39  2.8 
12.6 
22.6 
32.6 
42.7 
52.8 

40  52.9 

1 

1    h.    tn.     8. 

1    9      13    10.0 

1                  20.0 
30.0 
40.0 
50.0 

14  0.0 

15  0.0 
10.0 

h.    m.     8. 

20    41      3.0 
13.1 
23.2 
33.0 
43.0 
53.9 

42  53.4 

43  3.4 

1              h.    m.     8. 
1            .    9    15    90.0 

30.0 
'                             40.0 

50.0^ 
;                      16      0.0 

A.    m.     8. 

90    43    13.9 
93.9 
33L2 
43.1 
53.9 

!    Mean,  9    13    30.00     20    41    93.00 
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SEPTEMBER  13,  1871. 
Signals  sent  from  Salt  Lake  Cit^—O  on  tinned. 

6EC0XD  SBRIEA. 


Salt  Lake        Saint  George 
chronometer.      chronometer. 

Salt  Lake 
j  chronometer. 

Saint  George 
chronometer.  | 

Salt  Lake  chronom- 
eter. 

Saint  George 
chronometer. 

A.    m,     M.          A.    m.     9. 
9    26      4.2        20    53    59.9 
la  8               54     a  8 
35l1                       20.1 
35. 2                      30. 1 
45.1     1                   40.2 
55.1    1                   50.1 

27  4.7    I                  59.9 

28  5.2    j           56      0.6 

1    A.    m.     9. 

,      9    28    14.0 
25.3 
35.2 

,                  45.7 

1   .       29      i'l 

30     .... 
i                  15.6 

1 

A.    m.     9. 

20  56  9.6 
20.6 
30.5 
40.9 

57  0.7 

58  ....     1 
11.2    1 

A.    m.     ». 

9    30    36.0 

35.7 

45.6 

55.4 

31      5.6 

A.    m.     9. 

20    58    21.3 

31.5 

41.3 

51.0 

59      1.1 

Mean,    9    28    29.35 

20    56    24.70 

i%naZ«  997U/rom  Saint  Oeorgc 


Salt  Lake 
chronometer. 


Saint  George 
chronometer. 


A.    m.     9.  A.    m.     9. 

9    19      6.3         20    47      0.0 

16.1  I  10.0 

36.2  20.0 

36.0  30.0 

46.1  I  40.0 
56.0  !                  50.0 

30      6.0  I  48      0.0 


21      3  9 


49      0.0 


Salt  Lake 
I   chronometer. 


A.    m. 
9    21 


32 


9. 

15.8 
25l8 
35.7 
45.6 
55.5 

5.5 


23      5.4 
15.5 


Saint  George 
chronometer. 


m. 

49 


50 
51 


9. 

10.0 
20.0 
30.0 
40.0 
50.0 
0.0 

0.0 
10.0 


Salt  Lake  chronom- 
eter. 


m. 
33 


34 


9. 
25.4 
35.4 
45.4 
55.3 

5.3 


Mean,    9    21    35.72 


Saint  George 
chronometer. 


53 


9. 

20.0 
30.0 
40.0 
50.0 
0.0 


20    49    30.00 


SECOND  8KRIES. 


Salt  Lake 

Saint  George 

Salt  Lake 

Saint  George 

chronometer. 

chronometer.  ' 

chronometer. 

chronometer. 

A.    m.     9. 

A.    m.     9.      1 

A.    m.     8. 

A.    m.     9. 

9    36    44.1 

21      4    40.2 

9    38    54.1 

21      6    51.0 

53.7 

50.3    ' 

39     a  6 

7      0.6 

37      3.6 

5      0.2 

14.6 

11.1 

U.2 

10.7    1 

24.2 

21.0 

24.1 

20.7    , 

:m.  0 

31.0 

34.0 

30.4 

44.0 

41.1 

43.9 

40.5    1 

, 

40    44.2 

8    41.4 

38    4a  8 

6    40.9 

54.4 

51.5 

Saint  George 
chronometer. 


SEPTEMBER  14.  1871. 
SigndU  9entfrom  8aU  Lake  City, 


Salt  Lake 
chronometer. 

Saint  George    ,      Salt  Lake 
chronometer.    1   chronometer. 

1 

Saint  George 
chronometer. 

!  Salt  Lake  chronom- 
!               eter, 

1 

Saint  George 
chronometer. 

A.    m.     9. 

9     6      0.00 
10.0 
30.0 
30.0 
40.0 
50.0 

7  0.0 

8  0.0 

A.    m.     9. 
30    37    41.1 
51.1 

38  1.2 
11.2 
81.3 
31.1 
41.3    1 

1 

39  41.4    1 

1 

A.    m.     9. 

9     8    10.0 
20.0 
30.0 
40.0 
50.0 
9      0.0 

10      0.0 
10.0 

A.    m.     9. 
30    39    51.5 

40  1.5 
11.5 
21.6 
31.5 
4L7 

41  41.8 
52.0 

1 

1              A.    m.     9. 

9    10    20.0 

1                             30.0 

40.0 

50.0 

11      0.0 

A.    m.     9. 

20    43      1.8 
11.8 
31.8 
31.9 
43.0 

!  Mean,    9      8    30.00 

30    40    1L53 
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SEPTEMbEK  14,  1871. 
Si;;nah  sent  from  Salt  Lake  Ciiy — Continued. 

8BC0KD  BEBIE6. 


Salt  Lake 
chronometer. 

Saint  George 
chronometer. 

1      Salt  Lake 
chronometer. 

Saint  George    1  Salt  Lake  chronom- 
cbronometer.    |               eter. 

1 

Saint  George 
chnmometer. 

h.    m.     8. 
9    16    46.8 
57.0 
19      6.7 
16.6 
36.0 
37  6 

h.    m.     8. 

30    50    29.8 
40.0 
49.9 
51      0.0 
9.1 
20.5 
30.4 

53    30.4 

h.    m.     8. 
9    30    57.1 
31    16.9 
17.0 
36.1 
37.0 
47.5 

38    47.4 

1 

h.    m.     8. 
30    53    40.5 

50.4    , 

53  0.5    1 
9.6    ' 

30.5 
30.7    . 

54  30.9 
41.1 

K    ^     .. 
9    23      7.1 
17.3 
26.4 
37.6 
47.7 

80    54    51.0 

55      1.1 

10.4 

91.4 

3L4 

47.3 
20    47.2 

Mean,    9    31    17.33 

90    53      a  46 

SignaU  sent  from  Saint  Oeorge. 


Salt  Lake 
chronometer. 

Saint  George  1 
chronometer,  i 

Salt  Lake 
chronometer. 

Saint  George 
chronometer. 

Salt  Lake  chronom- 
eter. 

■ 
Saint  George 
chroDomeler. 

h.    m.     8. 
9   13   ia2 
27.9 
37.8 
47.7 
57.7 
13      7  6 

1 

h.    m.     8. 

20    44      0.3 
10.0 
30.0    i 
30.0 
40.0    1 
50.0 

45  0.0    1 

1 

46  0.0 

h.    m.     8. 

9    14    27.5 
37.6 
47.5 
57.6 

15  7.5 
17.5 

16  17.2 
27.3 

h.    m.     8.       1 
30    46    10.0    1 
20.0    , 
30.0 
40.0 
50.0    , 
47      0.0    1 

46      0.0    ; 
10.0 

h.    m.     8. 

9    16    37.1 

47.1 

57.1 

17      7.0 

17.1 

h,    m.     8. 

30    48    80.0 

30.0 

40.0 

50:0 

49      0.0 

17.6 
14    17.6 

Mean,    9    14    47.48 

90    46    30.00 

SECOND  8ERIB8. 


Salt  Lake 
chronometer. 

Saint  George 

Salt  Lake 
chronometer. 

Saint  George   i 
chronometer. 

Salt  Lake  chronom* 
eter. 

Saint  George 
ohnmometer. 

h.    m.     8. 

9    25    3&6 
45.7 
55.7 

26  7.1 
16.2 
27.6 
37.0 

27  37.3 

h.    m.     8. 

20  57  30.5 
30.0 
40.1 
51.3 

58  0.6 
11.7 
31.4 

59  21.7 

A.    m.     8. 

9    27    46.0 
55.9 

38  7.1 
16.8 
37.1 
37.1 

39  37.3 
46.6 

h.    m.     *.      1 

30  59    30.6    1 

40.5  I 

51.6  , 

31  0      1.6    1 

11.7 
31.7 

1    23.0 
31.8 

A.    m.     «. 

9    39    56.5 

30      7.7 

16.7 

37.6 

37.9 

K    m.     8. 

91      1    4L4 

53.3 

9      1.7 

13.6 

89.2 

Mean,    9    26      &79  1  90    59    5L3o 

1 

SEPTEMBER  15,  1871. 
SiffnaU  setU  from  Salt  Lake  City. 


Salt  Lake  chro-  St  George  chro 
nometer.  nometer. 


A.  m, 
8    53 


54 


8. 

0.0 
10.0 
30.0 
30.0 
40.0 
50.0 

0.0 


55      O.p 


A, 
30 


39 


IT. 

37.5 
37.4 
47.3 
57.4 
7.5 
17.5 
37.5 


30    27.5 


I  II 

Salt  Lake  chro-  St  George  chro*  1 1  Salt  Lake  chronom- 
nometer.       I       nometer.  eter. 


A.  m. 
8    55 


56 


8. 

10.0 
90.0 
.30.0 
40.0 
50.0 
0.0 


57      0.0 


A. 
30 


30 


31 


8. 

37.6 
47.7 
57.6 
7.7 
17.7 
27.8 


32    38.0 
3a  1 


m.      8. 

57  20  0 
30.0 
40.0 
50.0 

58  0.0 


Mean,    6    55    30.00 


Si.  George 
chronometer. 


h.   m. 
90    39 


8. 
4*^.1 
58.1 
8.0 
18.0 
98.0 


90    30    57. 7S 
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SEPTEMBER  15,  1871. 
Signals  sent  from  Salt  Lake  Ci<y— Continued. 


Salt  Lake  chro- 
nometer. 


.   m.    8. 

I  8  ..,- 
47.5 
57.5 
9  6.6 
18.0 
2e.X 
37.7 

10    37.6 


St  George  chro-|  Salt  Lake  chro- 
nometer, nometer. 


A*     fit, 
24    44 


17.1 
27.2 

36.8 
48.0 
58.1 

45  7.8    |I 

46  7.8    I 


St  Greorge  chro- 
nometer.      I 


9    10 
11 


12 


9. 

47.6 
57.4 
6.6 
18.3 
27.4 
37.6 

37.5 
47.1 


A.    m.      t. 

23  46  17. 
27. 
36. 

4& 
57. 

8. 


47 

48 


Salt  Lake  chronom- 
eter. 


m. 
12 
13 


«. 
57.2 

6.7 
17  9 
27.6 
38.0 


Mean,    9    11    15.00 


St  George 
chronometer. 


h.   m. 
22    48 


49 


$. 

27.6 
37.4 
46.4 
58.4 
&5 


22    46    45.23 


SEPTEMBER  15,  1871. 
SigjuUs  sent  from  St.  George, 


Salt  Lake  chro- 
nometer. 


m.    9. 

2  31.2 
41.1 
51.2 

3  1.2 
11.0 
21.1 
31.0 

4  3a9 


St  George  ohro-  Salt  Lake  chro- 
nometer.      11       nometer. 


St  George  chro- 
nometer.     I 


A. 
20 


39 


9. 

0.0 
10. 0 

2ao 

30.0 
40.0 
50.0 
0.0 


h,  m. 
9    4 


40      0.0 


9. 

40.7 
50.8 
0.6 
10.6 
20.6 
30.6 

30.5 
40.6 


h,    m. 
20    40 


41 


42 


9. 
10.0 
20.0 
30.0 
40.0 
50.0 
0.0 

0.0 
10.0 


Salt  Lake  chronom- 
eter. 


m.    9. 

6  50.4 

7  0.4 
10.5 
20.4 
30.4 


Mean,     9    5     0.75 


.  St  George 
chronometer. 


h,  m. 
30    43 


43 


9. 
30  0 
30.0 
40.0 
50.0 

0.0 


20    40    30.  (la 


Salt  Lake  chro- 
nometer. 


St  George  chro-  iSalt  Lake  chro- 
nometer.      I       nometer. 


m. 
14 


15 


9. 

41.' 4 

51.3 

1.8 

n.6 

21.7 
32.4 


A. 

20    50 


16    33.3 


9. 

12.0 
22.0 
32.6 
42.5 
52.6 
3.2 


53      3.3 


St  George  chro-    Salt  Lake  chronom- 
nometer.       I  eter. 


St  George 
chronometer. 


A.   m.      9. 
9    16    41.6 
51.6 


17 


18 


2.1 
12.0 
23.1 
32.4 

32.7 
41.9 


A.    m.      9. 

20  52  12.9 
23.4 
33.1 
4:1.2 
53.3 
53      3.6 


A.  m.      9, 
9    18    52.4 


19 


3.1 
12.6 
22.8 
32.7 


A.    m. 
20    54 


9. 

23.6 
34.8 
44.1 
54.2 
55      4.3 


4.0 
13.3 


Mean.    9    17      9.63 


20    53    40.71 


Signals  sent  from~ 

Recorded  at— 

til 

Hi 

i 

'9 

0 
0 

It 

Means. 

September  13, 1871. 
Salt  Lake 

St  George 

Salt  Lake 

A.      TO.     9. 

9  13  30. 00 

30  41  33.00 

9  38  89.35 
20  56  24. 70 

9  21  35. 72 

20  49  30. 00 

9  39  14. 12 

21  7  11.02 

A.  m.     9. 
Ml  38  40.98 
+  0    4    2.95 

+11  38  43.53 
+  0    4    3.05 

+11  38  42.36 
+  0    4    3.01 

+11  38  45.36 
+  0    4    3.13 

A,  w.  9. 
20  52  10. 98 

20  45  25. 95 

21  7  12.88 
21    0  27. 75 

21    0  18.08 

20  53  33. 01 

21  17  50. 48 
21  11  14. 15 

h.m.  9. 
0  6  45. 03 

45.13 

45.07 

45.33 

A.m.  9, 

St  George  

0  6  45. 14i 
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Signals  sent  from— 

Recorded  at— 

§-31 

1^ 

o 

V4 

Means. 

Septomber  14«  1871. 
Salt  Lake 

St.  George 

Salt  Lake  

h.  m.     8. 

9    8  30.00 

SO  40  11. 53 

9  21  17.33 
20  53    0. 46 

9  14  47.  48 
20  46  30. 00 

9  28    6. 79 
20  59  5L  38 

*  8  i»  30.00 
20  30  57.76 

9  11  15.00 
22  46  45.23 

9    5    0.75 
20  40  30.00 

9  17    9. 62 
20  52  40. 71 

h.  m.     8. 
+11  42  38. 90 
+  0    4  12. 88 

+11  42  41.12 
+  0    4  12. 98 

+  11  42  39.99 
+  0    4  12. 93 

+11  42  42.31 
+  0    4  13. 03 

+11  46  36.48 
+  0    423.60 

+11  46  39. 12 
+  0    4  23. 72 

+11  46  38. 07 
+  04  23.67 

+11  46  40. 12 
+  04  23.76 

^  m.   8. 
20  51    e.  90 

20  44  24. 41 

21  3  58.45 
20  57  13. 44 

20  57  27.  47 

20  50  42.  93 

21  10  49. 10 
21    4    4.41 

20  42    &  48 
20  35  21. 36 

20  57  54. 12 
20  51    8. 95 

20  51  38.82 

20  44  53.67 

21  3  49.74 
20  57    4.  47 

h,m,  8. 
44.49 

45.01 

44.54 

44.69 

45.12 
45.17 
45.15 
43.27 

h.m.  t 

St.  George   

September  15, 1871. 
Salt  Lake 

St  George 

Salt  Lake 

44.66 

St.  Greorge 

45.18 

Km,  9. 

Final  difference  of  longitude,  St  George,  west  of  Salt  Lake .* 0  6  45^00 

Adopted  longitude,  (by  excluding  September  14, 1871) 0  6  43. 1< 


Mean  plaocB  of  stars  for  1871.0,  used  for  determination  of  latitude  of  St.  George,  Utah. 


1^0.  in 
B.A.C. 

Declination. 

No.  in 
B.  A.  C. 

Declination. 

Ko.  in 
B.  A.  C. 

Declination. 

No.  in 
1  B.  A.  C. 

o    /        // 

O      /            If 

0      /           /' 

o      /     " 

6404 

41  18  15.82 

6731 

44  24  40.50 

7029 

31  46  30. 12 

7474 

23    4  9d.S5 

6426 

32  39  56. 12 

6740 

29  51  26. 07 

7041 

42  11    1. 46 

7512 

51    7  27.« 

6473 

41  26  19.86 

6784 

33  25  42.66 

7121 

14    8  52.88 

'      7548 

49    5  53.46 

6491 

32  30  50.60 

6817 

40  16  23. 12 

7160 
7176 

14    7  31. 14 
60    2  22.18 

7571 

25  3  law 

6542 

24    3    8.51 

6839 

16  17  41.03 

7193 

60    8  14.29 

7598 

48  42  47, » 

6566 

50    9  24.24 

6663 

57  54  36. 98 

7218 

52  31  33. 82 

;       7627 

25  19    &M 

6589 

21    9  50. 63 

6882 

24  26  37.77 

7275 

21  49  41. 53 

7736 

58  39  4i» 

6023 

53    752.68 

6895 

49  44  47.56 

774a 

15  24  20i  81 

7317 

44  16  ."ya  50 

7755 

58  46  41.es 

6659 

50    1  11. 62 

6912 

23  14  38. 59 

7368 

29  41  56. 66 

6674 

24  24  19. 93 

6959 

51    4  35.00 

7807 

90  11  49.54 

7410 

23  18  50.27 

7846 

53  35    9.44 

6712 

58  19  2a  10 

6986 

39  58    0.90 

7448 

51    6  11. 60 

6724 

16  10  29. 08 

6998 

34  34  51. 16 

1 
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1 

11 

Level. 

Bemarke. 

Date. 

1 

H 

Level. 

Bate. 

Remarks. 

l_ 

3'' 

N. 

6. 

1 

a 

N. 

S. 

1871. 
Sepfc.  19 

6404 
6426 

25    72.9 
15    20.0 

ao 

9.0 

a4 
a5 

1871. 
Sept  31 

6839 
6863 

21      6.7 
21    14.1 

9.6 
9.8 

9.4 
9.0 

6473 
6491 

19    78.5 
8    46.8 

ao 

9.5 

9.5 

as 

6682 
6805 

19    16.0 
19    77.1 

a6 

12L0 

ia4 
as 

6543 
6566 

17    81.9 
17    70.9 

a  4 

10.1 

9.7 

ao 

6912 
6959 

28    49.4 
17    34.7 

5.0 
IS.  3 

lao 

3.4 

6589 
6623 

22    45.8 
18    49.9 

9.0 
9.1 

9.1 
9.0 

6986 
6998 

11    14.0 
36    39.7 

13.1 
7.3 

a3 

11.3 

6839 
6863 

20    60.0 
20    72.3 

7.7 
11.0 

10.9 
7.5 

7029 
7041 

13    58.8 
33    49.7 

7.7 
10.0 

11.0 
7.7 

6882 
6895 

20  .^.4 

21  4.5 

ao 
lao 

11.0 

a5 

33 

6404 
6426 

35    33.5 
15    41.3 

as 

7.3 

7.9 
9.3 

30 

6404 
6426 

25    69.9 
15    20.1 

a  9 

9.0 

ao 
ao 

6473 
6491 

30    10.4 
8    6a  5 

5.5 

as 

11.5 

a  9 

6473 
6491 

19    70.5 
8    46.8 

9.4 
9.0 

7.8 

as 

6542 
6566 

17    56.1 
17    43.0 

7.9 
10.0 

9.8 
7.3 

6542 
6566 

17    24.6 
17      4.9 

9.0 
10.0 

as 

7.4 

6.-189 
6623 

33      5.9 
19      9.6 

9.0 
9.1 

a7 
a4 

6659 
6674 

16    10.0 
25    90.6 

11.0 

a  3 

&8 
9.1 

6659 
6674 

16     a  4 
36      1.3 

11.0 
13.0 

a  9 
ao 

6712 

6784 

10    40.3 
23    49.1 

a9 

10.3 

a  4 

7.0 

6712 
6724 

10    36.7 
33    33.3 

9.0 
9.0 

9.0 
9.0 

6731 

6740 

18    13.7 
20    90.8 

6.0 
13.1 

11.4 
4.4 

6784 
6817 

12    35.3 
34    90.9 

a7 
ai 

10.4 
13.0 

6784 
6817 

12    41.3 
34    78.9 

a  6 

9.9 

9.3 

ao 

Must  be  87.9 

6839 
6863 

21    10.0 
21    16.4 

11.9 
7.6 

as 

11.9 

6839 
6863 

31      4.0 
31      4.0 

7.7 
13#7 

10.0 
4.0 

6882 
6895 

19  30.0 

20  7.8 

9.4 
7.9 

10.4 
13.0 

6882 

68U5 

19    45.1 
30      9.5 

10.0 
10.0 

7.8 
7.3 

6912 
6989 

22    50.7 
17    42.1 

9.9 

las 

10.3 
10.0 

6912 
6959 

31    75.7 
16    63.3 

9.0 
11.3 

as 

6.5 

6986 
6998 

11    37.4 

26   4ao 

10.8 
9.3 

9.9 
11.3 

6986 
6998 

11      1.0 
36    30.7 

9.6 
10.0 

a4 
a7 

7029 
7041 

12    85.6 
33    83.3 

5.5 
15.0 

15.0 
5.5 

21 

7029 
7041 

6404 
6426 

13    13.1 
34      5.0 

36    14.0 
15    59.7 

a8 

13.0 

a3 

7.5 

9.fi 

as 

7.1 

ai 

7121 
7160 
7176 
7193 

33    34.8 
31    34.3 

33    ao 

18    73.9 

10.6 
10.8 
10.3 
10.3 

10.5 
10.6 
10.5 
10.5 

6473 
6491 

30    14.5 
8    86.0 

9.0 
7.4 

as 
a7 

7218 
7275 

16  las 

82    7a4 

11.0 
10.0 

10.0 
101 

^ 

17    48.0 
17    35.1 

as 
as 

ao 
ao 

7410 

7448 

39    10.8 
19    73.0 

11.0 
9.9 

10.0 
11.1 

6589 
6623 

33    41.6 
18    43.3 

7.0 
10.5 

10.3 
6.6 

T474 
7512 

18    4a  3 
18    81.4 

11.3 
10.  e 

10.0 
11.3 

6659 
6674 

15    97.8 
35    74.0 

11.1 

6.5 

6.3 
11.2 

7548 
7571 

19    7a  5 
17    34.3 

11.7 
9.4 

9.4 
11.0 

6712 
6734 

10      1.3 
33      3.0 

ao 

10.0 

9.7 

ao 

7598 
7627 

33    86.3 
15    14.6 

11.4 
9.5 

mo 

13L3 

6731 
6740 

18  las 

30    93.0 

9.7 
9.5 

a4 

as 

7736 
7742 
7755 

85      0.1 

18  77.9 

19  7a3 

13.1 
9.4 
12L3 

lao 

13.1 
9.0 
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i 

*M 

|i 

LeveL 

Remarks. 

Dat€. 

1 

ii 

LeveL 

Date. 

Bemarks. 

O 

0 

d 

.2  g 

jS". 

S. 

e 

"  i 

N. 

S. 

JZ5 

S 

Jz; 

S 

1871. 

1871. 

Sept.  23 

7807 

9    40.7 

12.0 

11.0 

Sept  24 

7029 

13      2.6 

10.7 

9.9 

7846 

28    25.7 

11.8 

11.8 

1 
1 

7041 

23    9a  3 

10.4 

10.9 

S3 

6404 

26    16.1 

9.6 

a  5 

1 

2121 

22    24.3 

10.1 

11.0 

6426 

15    70.2 

10.3 

7.7 

1 
1 

7160 
7176 

21    27.5 
23    10.8 

11.1 
10.0 

10.1 
11.2 

6473 

90    16.9 

9.7 

as 

1 

7193 

18    74.9 

10.0 

11.1 

6491 

8    92.5 

10.0 

a  2 

• 

7218 

15    85.7 

10.9 

10.6 

6543 

17    82.9 

9.8 

a9 1                  1 

7275 

22    49.9 

11.2 

ia6 

6566 

17    65.4 

10.3 

a3l                  1 

7317 

27      2.0 

3.6 

13.5 

Very  faintw 

a589 

22    52.3 

8.6 

10  5 

7368;  16    97.0 

9.7 

12.3 

6623 

18    47.1 

13.1 

5.8 

7410  29    13.4 

11.9 

10.3 

6659 

16    39.9 

10.9 

as 

7448 

19    72.4 

11.1 

11.1 

6674 

26    SO.  8 

10.0 

9.5 

7474 

23    52.5 

12.4 

9.9 

6712 

10    57.9 

8.0 

11.4 

7512 

23    7a  9 

12.0 

10.2 

6724 

23    65.6 

12.9 

6.9 

7548 

19    74.3 

15.1 

6.6 

6839 

21      a  6 

9.0 

10.3 

7571 

17    31.4 

7.0 

14.5 

6863 

21      8.2 

13.3 

6.4 

7.598 

22    66.3 

9.0 

19.5 

6882 

19    59.0 

9.4 

10.1 

7627 

14    80.6 

a  3 

13.2 

6895 

20    22.5 

12.1 

7.4 

7736!  25      a  9 

7.8 

14.1 

6912 

22    73.9 

14.0 

5.6 

77421  18    99.0 

16.8 

5.1 

6959 

17    59.3 

ai 

12.0 

nSS'  19    77.4 

11.0 

10.9 

6986 

11    34.9 

9.8 

10.5 

7807 

9    11.1 

10.9 

10.5 

6998 

26    60.3 

13.3 

7.0 

7846 

28      1.3 

9.0 

12.4 

7029 

12    94.1 

11.5 

9.1 

25 

6404 

26    22.0 

7.7 

9.3 

7041 

23    68.0 

16.4 

4.1 

6426 

15    69.8 

9.0 

ao 

7121 
7160 

22    31.0 
21    28.9 

11.0 
11.0 

10.6 
10.7 

6473 
6491 

20    2a4 
8    96.7 

ao 
9.0 

9.0 

a6 

7176 
7193 

23      4.0 
18    70.1 

13.5 
13.4 

7.5  1 

7.5; 
( 

6731 
6740 

17  las 

20      4.4 

ia7 
9.5 

5.0 
9.3 

7218 

16    14.4 

11.1 

11.1  ; 

6784 

8    65.9 

ao 

10.5 

7275 

22    76.3 

11.4 

11.6  ' 

6817 

31    as 

11.1 

7.6 

7317 

26    95.0 

11.0 

11.5 

6882 

19    53.7 

10.0 

9.6 

7368 

16    96.4 

10.6 

11.9 

6895 

20    24.0 

9.0 

10.5 

7410 

29    50.2 

10.7 

11.9 

7029 

13    25.6 

11.6 

a8 

7446 

20    14.0 

11.1 

11.0 

7041 

24    23.1 

7.5 

13.0 

7474 

18    87.5 

11.1 

11.0 

7121 

21    88.9 

a8 

10.0 

7512 

19   ia7 

13.8 

as  1 

t        . 

7160 
7176 

90    8a6 
22    71.1 

9.0 
ia6 

9.9 

ai 

7548 

20    52.2 

12.0 

10.3  , 

7193 

18    36.4 

10.4 

a4 

7571 

18    15.6 

12.9 

9.5  I 

7218 

16    13.1 

9.3 

11.8 

7598 

22    34.1 

11.0 

11.4 

7275 

22    64.5 

9.5 

12.0 

7627 

14    70.4 

14.5 

ai 

7410;  28    69.4 

10.5 

11.6 

7807 

9    28.8 

12.6 

10.0 

7448 

19    97.7 

12.0 

9.6 

7846 

8      4.7 

12.0 

10.6 

7474 

18      1.7 

10.0 

12.1 

S4 

6659 
6674 

16    46.2 
26      9.3 

5.0 
10.0 

13.4 

ao 

7512 

7598 

18    33.6 
22    65.0 

12.4 
11.9 

9.7 
10.5 

6731 

17    70.0 

10.4 

as 

7627 

14    83.1 

7.5 

14.9 

6740 

20    45.4 

a  5 

10.4 

7736 

25      3.9 

13.0 

99 

6784 

8    62.0 

9.0 

10.0 

7742 

18    86.7 

9.8 

ia9 

6817 

31     a  4 

9.9 

9.5 

7755 

19    80.8 

14.0 

0.0 

6882 

19    50.5 

ao 

ILO 

7807 

9    90.0 

12.3 

11.0 

6895 

20    18.2 

11.6 

7.9 

7846 

97  oao 

11.8 

11.6 
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ComputaHona  for  latitude  of  SU  George,  Utah, 
Mean  Utitade  of  St.  George,  ITtah :  37°  6'  29".3d  ±  Q"M. 


Date. 

No.  of 
pair. 

Half-8um  of 
declination. 

Corrections. 

Latitude. 

Micr.  and  reft. 

Level. 

Merid. 

September  19, 1871 

1 
2 
3 
4 
6 
9 
10 

1 

g 

3 
5 
6 
7 
8 
9 
10 
11 
12 
13 

1 
3 
4 
5 

r» 

7 
9 
10 
11 

\l 

1 

2 

3 

4 

5 

6 

8 

9 

10 

11 

12 

13 

14 

15 

16 

18 

19 

20 

21 

22 

23 

24 

1 

2 

3 

4 

5 

6 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

24 

0     /        // 

36  59  23. 58 
58  52.98 

37  6  33.93 
9    9.16 

15  15. 90 
6  2^50 
6    0  87 

36  59  23.61 
58  53.04 

37  6  34. 00 
13    3.77 

15  15. 99 

8  21.69 

36  5120.96 

37  6  26. 62 
6    l.DO 

9  55.07 

16  44. 84 
36  59    4.  51 

36  59  23. 65 

37  6  34. 07 
9    9.31 

13    3  84 

15  16. 08 

8  21.  78 
6  26. 73 
6    1.12 

9  55.20 

16  44. 97 
36  59    4.65 

36  59  23.69 
58  53. 15 

37  6  34. 13 
9    9.38 

13    3.92 

15  16. 16 

36  51  21. 17 

37  6  26.  84 
6    1.23 
9  55.32 

16  45. 10 

36  59    4. 78 

37  5  55.35 

8  10.55 
10  56.26 

12  49.  32 
6  16. 09 

4  50.35 

1  16. 2:? 

2  la  68 

5  48. 36 
36  53  46.64 

36  59  23.72 
58  53.20 

37  6  34. 18 

9  9.45 

13  4. 00 

15  ia25 

6  2^94 
6    1.35 
9  55.45 

16  45.23 

36  59    4.92 

37  5  55.  49 
8  10.69 

10  56.  41 

36  59  46.58 

37  12  49.50 

6  16.27 

4  50.54 

1  16.42 

36  53  46.82 

+  7    5. 81 
+  7  37. 68 

-  0    4.45 

-  2  40.11 

-  8  47. 94 
+  0    4.97 
+  0  2a  34 

+  7    4.55 
+  7  34.  44 

-  0    7.96 

-  6  36.57 

-  8  49. 31 

-  1  52. 07 
+  15    a  61 
+  0    0.00 
+  0  26. 04 

-  3  27. 23 
-10  ia6~J 
+  7  21.  59 

+  7    6.37 

-  0  51.22 

-  2  41.12 

-  6  34.  79 

-  8  46.  44 

-  1  53.04 
+  0    2.99 
+  0  24. 70 

-  3  28. 16 
-10  17.01 
+  7  23.61 

+  7    5.52 
+  7  41.80 

-  0    5.30 

-  2  41. 08 

-  6  42. 35 

-  8  4a  42 
+  15  12.21 
+  0    2.59 
+  0  31.  45 

-  3  25.  70 
-10  14.95 
+  7  23.  89 
+  0  33. 65 

-  1  41.27 

-  4  27.  57 

-  6  19.26 
+  0  14. 19 
+  1  17.95 
+  5  12.  06 
+  4  11.  64 
+  0  39.79 
+  12  42.34 

+  7    2.98 
+  7  34.72 

-  0    7.  Ofl 

-  2  43.  87 

-  6  36. 69 

-  8  4a  86 
+  0    0.08 
+  0  25. 67 

-  3  28. 12 
-10  16.89 
+  7  14. 31 
+  0  2"^.  52 

-  1  44.66 

-  4  27.70 
+  6  43.84 

-  6  ia62 
+  0  10. 50 
+  1  35.69 
+  5    a86 
+12  3a  66 

II 
+  0.67 

-  0.14 
+  0.54 

0.00 

-  0.07 
+  0.20 

-  1.01 

+  1.27 
+  1.41 
+  2.09 
+  2.29 
+  2.57 
+  2.56 
+  0.80 
+  5.00 
+  3.31 
+  3.51 
+  1.69 
.+  2.77 

+  0.40 
+  0.88 
+  0.47 
+  0.07 
+  0.20 
+  1.35 
+  0.67 
+  2.30 
+  2.02 
+  1.15 
0.00 

-  0.74 
+  4.32 
+  0.54 
+  0.68 
+  6.82 

0.00 

-  5.13 

-  0.81 

-  3.44 
+  0.07 

-  0.74 
0.00 

-  0.07 

-  0.07 
+  0.61 

-  0.14 
0.00 

-  0.13 

-  0.88 

-  1.08 

-  0.91 
+  0.67 

+  2.50 
+  2.02 
+  1.96 
+  3.78 
+  1.96 
+  1.76 
+  3.78 
+  2.70 
+  3.04 
+  3.78 
+  9.92 
+  4.32 
+  4.18 

-  0.14 

-  1.22 

-  0.74 
+  3.64 
+  a44 
+  4.05 
+  2.70 

O     /          // 

37  6  30. 06 
30.52 



30  02 

29  05 

27.89 

31  67 

2a  20 

September  20,  leri 

29.43 
2a  89 

28  13 

29.49 

29  25 

32  18 

30.37 

31  62 

30  35 

31  35 

27.90 

2a  87 

September  21, 1871 

30  42 

29  73 

28  66 

29.12 

89.84 
30  09 

30.39 

28  12 

29  06 

29  11 

2a  86 

September  22, 1871 

2a  47 
30  63 

29.37 

28  98 

28  39 

27.74 

2a  25 

8a  62 

29  24 

29  69 

89.41 
2a  67 

2a  93 

29  21 

89*30 

89.92 

30  28 

2a  17 

27  41 

29  24 

27  21 

29  74 

September  83, 1871 

29.20 
29  94 

89  06 

29.36 

29  27 

29. 15 

30.80 

89  72 

30  37 

32.12 

29  15 

29  33 

30  21 

28.57 

89  20 

30  14 

30  50 

29  57 

89  33 

8a  18 
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Date. 

No.  of 

Half-anm  of 

Corrections. 

Latitude. 

pair.      declination. 

Micr.andrefr. 

Level. 

Merid. 

Santfimber  24  1871         .   .   . 

1       0      ,          „ 
5  1     37  13     4.0fl 

/      // 

-  6  29.49 

-  1  51.38 
+15    6.47 
+  0  27.  .30 
+  7  23.  12 
+  0  34. 98 

-  1  42  16 

-  428.63 
+  6  46.  43 

-  6  20.56 
+  0  10.67 
+  1  3a  23 
+  5  17.  76 
+  4    6.66 
+  0  31.71 
+  12  21.44 

4-  7    5.52 
+  7  37.  68 
r  1  57.65 
4  15    6.95 
+  0  28.  43 
+  7  23.85 
+  0  33. 24 

-  1  41.99 

-  4  23.  45 

-  6  20.  84 

4-   0  IQ  90 

n 

-  4.93 
0.00 

-  0.40 
+  0.68 
+  0.67 

-  1.42 

-  0.07 
+  0.61 

-  5.06 
+  1.08 
+  2.90 
+  0.67 

-  5.67 
+  3.64 
+  7.96 

-  2  02 

-  0.40 
0.00 

+  6.01 
-t-  0.68 

-  0.T5 

-  1.82 
+  0  88 
+  0.74 

-  3.37 
+  0.74 
+  0.40 

O     /          $1 

37  6  29  66 

7 
8 
10 
13 
14 
15 
16 
17 
18 
19 

^ 

22 
23 
24 

1 

2 

7 

8 

'    10 

13 

14 

15 

16 

18 

19 

21 

22 

23 

8  22.05 
30  51  21. 36 
37    6    1.45 

36  50    5.05 

37  555.63 
8  10.83 

10  56.56 

36  59  46. 73 

37  12  49. 67 

6  16.45 

4  50.73 

1  16.61 

2  19.  07 

5  48.75 
36  53  47. 00 

36  59  23. 79 
58  53.29 

37  8  22. 14 

36  51  21. 45 

37  6    1.55 

36  59    5.18 

37  5  55.76 
8  10. 97 

10  56.  72 
12  49.  ai 

6  16.63 

30l67 

27.43 

29  43 

2a  84 

29.19 

98.60 

2a  54 

2a  10 

3a  19 

30.03 

29.63 

28.  "JO 

29.37 

28.42 

31.42 

S«Dtember25  1871 

2a  91 

30.97 

30  50 

29  08 

29.23 
57.21 

29  8d 

99  72 

29.90 

99  75 

29.93 

1  16.  M             -t-  5  16.22 

2  19.28  1          +4    9.61 
s  4R_  us  !         4-  0  afl  ns 

-  4.05 

-  0.20 
-L  1.08 
+  1.01 

2a  98 

2a  69 

2a  0^ 

•24  .     3fi  M  47-  17  I            -i  12  39.  75 

27.93 



Adopting  the  longitude  of  Salt  Lake,  llio  53'  42".90  west  of  Green- 
wich, Uie  astronomical  co-ordinates  of  St.  George  will  be : 

Longitude,  113o  35'  0".30  west  of  Greenwich. 

Longitude,  36o  31'  58".50  west  of  Washington. 

Latitude:  N.  37^  6'  29".38  ±  0".08. 

The  results  obtained  for  the  longitude  by  lunar  culminations  of  Gamp 
Independence,  California,  and  Fort  Whipple,  Arizona  Territory,  and 
for  the  latitude  of  Camp  Independence,  California,  will  be  incorporated 
in  the  astronomical  volume. 

In  the  same  publication  will  appear  a  list  of  the  geographical  posi- 
tions established  by  the  survey. 

Observations  and  computations  for  latitude.^StatioUf  Fort  ff  hippie,  Arizona  Ter, 
OCTOBER  27, 1871. 


6990 
1039 


7061 
7131 


7275 
7301 


7372 
7387 


t   d. 

12  40. 4 
36  52  2 

16  86.3 
19    6.5 

13  76.4 
S4  67.0 

17  49.9 
19  32.5 


Level. 


N. 


19.5 
15,7 


11.9 
19.0 


ia3 

15.0 


17.0 
16.0 


13.8 
11.0 


18.2 
12.0 


16.0 
17.1 


16.0 
17.2 


Kemarks. 


Half-fmni  of 
deoliuatioii. 


34  42  35i  1 
34  34.6 
25  46.7 
31  53.5 


Corrections. 


Micrometer; 
and  refer- 
ence. 


-  9  30.5 

-  1  39.0 
+  7  80.7 
+  1  13. 8 


Level.     Merid. 


+2.3  , 
+0.5  , 
—1.2 
-0.1  , 


Latitude. 


34  33S.9 
6.1 

7.9 
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Ohaerrutions  and  computations  for  latitude  of  Fort  Whipple,  Arizona — Continued. 

OCTOBER  27, 1871. 


7'ir>5 

7474 


7.V20 
75b0  I 


7606  , 
7G76  I 


7749 
7790  ; 


7P07  ' 
7820  I 


7915  1 
7923 


8023 


8076  I 
8079 


8097  I 


8158 
8182 


8105 
8200 


8250 
8:4B0 


Lev<?l. 


C:3 
£5 


N. 


t.     d. 
14  82.  7 
21     3.9  ' 

I 

24  70.  4  ' 

13  58.  7  I 

14  81.4  1 

21  26.  5 

19  32.3 

20  65.3 

19    8.6 

22  24.  8 

19  70.  0 

20  4.2 

22  60.7 

19  24.  2 

20  60.7 
16  59.  0 

15  74. 2 

23  7^4 

26  10.1 

16  50.8 

19  80.  5 
22    0.8 

15  42.4 

25  1.5 


8299  I     20  90.  1 
8307  I     15  74.8 


8335  I 

7  i 
t 
16G 
1-3  I 

201  I 
211  I 
I 
2:1-2  i 
ii:i5 
247 


16  59.  0  I 

21  0.9 

16  P3.9  I 
25  23.  6 

U    0.9  ' 

22  60. 1  I  • 

15  93.  0  I 
13  11. 1 

25    3.7  ' 


20.1  1 
12.9  I 

16.  4  I 
17.7 

5.5 
2.9 

4.9 
4.0 

2.8 
4.0 

7.5 
4.9 

7.1 
5.3 

6.7 
6.5 

8.5 
6.5 

6.1 

6.8 

7.9 
5.3 

8.0 
5.1 

7.3 
6.0 

7.1 

8.0 

8.6 
3.2  ! 

6.  J 


5.8  I 
5.9 
14.0 


13.6 
20.  t< 

17.fi 
16.7 

5.6 
7.3 

4.9 
5.8 

4.0 
3.0 

6.4 
•9.0 

7.0 

8.9 

8.0 

ao 

7.4 
8.3 

8.3 
7.9 

7.0 
9.1 

6.7 
9.9 

7.9 
9.1 

8.0 
7.1 

6.0 
10.0 

7.6 

8.2 

8.5 
8.4 
0.  1 


I 


CorrectioiiR. 


Kcmnrks. 


I  Half  8ani  of  

!    declination.  Micromet-er 
I    and  refer- 
I  enco. 


34  37  la  0  ,     -  4  11. 0 

I 

40  35. 8  I     —  7  29. 2 

1 
28  4a  9       +  4  20. 7 


34  2.0 
30  58.4 
33  22.2 
30  52.7 
30  27.1 


-  0-53.7 
+  2    7.6 

-  0  13.8 
+  2  lfi.0 

f  2  42.3 


27  53. 9  ]     +  5  10.  8 


26  40.6 

+  6  27.6 

34  36.1 

-  1  29. 0 

26  38.9 

+  6  27.6 

36  36.8 

-  3  28.2 

30    5. 3  I     -I    2  58. 6 


28  28.6 
38  55.2 


4    5  39.  3 
-  5  47. 2 


39    7. 9  I     —  6    a  0 
41    3.4  I     -  8    1.9 


Level.   Meridian 


//     1 
-0.0 

—0.1    

—3.0    

—1.2    

1 
— O.l  ; 

1 
—2.0  1 .".!.. 

—2.4    

1 
—1.9  1 

—0.5    

1 
1 
2.2  !.*. 

-2.0  1  

—2.4    

1 
1 

-2.5  1 

0.0    

1 

—2.8    

_2.5  1 

1 

4-7.3  1  

-^-1,1  1 

1 

Latitude. 


o       /        // 

34  33  6. 1 
6.5 
6.6 
7.1 
*  5.9 
6.4 
6.3 
7.5 
4.2 
6.0 
5.1 
4.1 
6.1 
3.9 
5.1 
5.5 


7.2 
5.6 


OCTOBER  28,  1871. 


run 


t.    d.     1 
13  (a  2 


',  I 


7345  '     19  4a  3 


H-->f>9  ' 
J-307  1 

4H  ' 
92  I 

166 ; 

173  I 

I 
201  I 

211  ; 

232  i 
247  I 


20  29.  2  ' 

15  2. 0  ; 

18  98.  a  ' 
17  4.-).  0  ' 

16  .'in.  9  ' 
25     6.0  ' 

I 

14  77.  4  ' 

23  43.5  I 

15  .'5.1.3  I 

24  48.  5  I 

I 

35  EN3^ 


5.1 
9.9 
9.6 

as 

9.6 

7.0 
10.9 

ia4 

15.0 

7.8 
11.0 

4.6 
13.0 

asi 

4.0  I 
4.0  I 

a  7 

6.3  I 

9.0  I 
5.  3  I  . 

19.6  I 

22.  9  I  . 

9.5 

6.4  I  . 

12.7  I 
4.0  1. 


Cloudy. 


2.'j  46.  6 
29    9. 4 


36  37.0 
34     7.6 

28  28.8 

aa  55. 3 
39  ai 


17  lao 

-;  3  56.  4 


-5  51.6 
-6    1.8 


-fl.7  I. 
-hl.5  |. 


-3  33.0  f2.0  I 
-I  2.2  •  H2.4  ! 
'  5  43.  5  I     -  6.  1  I 


1-2.0  I 

I 

I 

4  0.  8  1 


34  33  6. 3 
7.3 


6.0 
7.8 
6.2 
5.7 
7.1 
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OhsermtioHs  and  computations  for  latitude  of  Fort  JThipphj  Arhona — Continued. 
OCTOBER  29,  1871. 


1^ 

6  • 


Level. 


£1 


7275 

r.m 

7345 

7372  I 
7387  I 

7455  ' 
7474  I 

752(1  I 
7560 

7641 
7683 

7749 
7796 

7ft07 
78"^ 

7915 
7923 

7943 
7953 

8023 
8032 

8076 
807U 

81.'!8 
8182 

8195 

8206 

82.'>0 

8280 

48 
92 

122 
146 

201 
211 

232 

2:J5 
247 


7275 
7301 
7345 

7372 
7377 

7455 
7474 

75':0 
7r)«iO 


t.     d. 

13  12.4 

23  09.  2 
18  99.  6 

16  5.'5.  9 
18  33. 0 

14  50,2 
20  79. 1 

24  27.  4 
13  10.  0 

16  6.1 
27    3.6 

18  72.  7 
20  13.5 

20  73.0 
22  78.  0 

19  7.0 
19  52.  4 

25  57. 0 

15  62.  6 

22  67.0 

19  40.  7 

20  25.8 

16  35.4 

25  85.0 
16  33.8 

16  51.  0 

18  82.  2 

15  .31.  3 
24  94. 0 

19  14.5 

17  62.1 

12  48.  5 

26  97. 8 

13  76. 2 
22  40.7 

35  42.3 
12  58.  0 
24  34.  9 


7.7  1 
3.3  I 
3.9  } 

6.8  ' 
5.6 

.''..3 

8.4 

7.0 
7.2 

I 
6.3 
9.0  I 

I 
9.1 
5.5 

3.0  I 


8.0 

7.8 

6.5 
7.2 

8.5 
7.3 

8.2 
7.2 

5.6 
10.0 

8.1 

8.5 

7.4 

8.1 

7.6 
7.9 

8,5 
7.5 

8.7 
7.8 

8.4 
8.2 
8.0  1 


3.2 
7.5 
7.7 

5.0 
6.3 


5.4 
5.2 

7.0 
4.6 

4.5 

&5 

10.7 

-0.8 

7.2 
6.9 

7.8 
7.2 

6.6 

7.8 

7.0 

ao 

9.5 
5.2 

7.2 
7.0 

8.1 
7.3 

8.0 

8.2 

7.5 

8.7 

7.8 
8.8 

8.0 
8.0 
8.3 


I 


Corrections. 


■D.»..,„-i,«  I  Half  flum  of  : 
Remarks.      ^^i:..„«.:«„ 


•  I  decliuation.  ,  Micrometer 
and  refer 
ence. 


Latitadf>. 


Level.  Meridian. 


0  /    // 

34  25  46. 6 
29  9.4 

,  7  19.2 
-f3  57.3 

4-1  Hi  6 

-4  14. 1 
-7  31. 5 
-1-7  23.5 
-0  56.  9 
4^2  3.2 
-0  18.4 
-6  41.8 
4  2  11.9 
-r  2  37.  7 
4-6  24.  4 
-1  33.4 
4^6  29. 0 

-  1  1.6 
+  9  45.6 

-  5  49.3 

-  6  0.7 

-  7  55.6 

// 

-0. 2 
-0.4 

O   '   .. 

34  33  r..fl 

7  1 

31  53.5 

-tO.7 

-  .: 

37  18.0 

4  1.9 

4-2.4 

40  35.8 

r^  4 

25  40.4 

4^2.5 

.......  . 

34  2.1 

4  1.1 

4-5.7 
+  1.1 
-0.9 
+0.9 
4-0.3 

30  58.5 

33  22.4 

-  I 

39  48.5 

\» 

30  52.9 

^  • 

30  27.3 

^  z 

26  46.8 

4  0.6 
+  1.6 
0.0 
-0.5 
-0.1 
-0.1 

4-0.1 

-0.1 

34  36.3 
26  39.1 



4  > 

1        >  I 

34  7.7 

1 

5  (' 

23  19.7 

38  55.4 

39  8.2 

41  3.6 

- 

OCTOBER  30,  1871. 


12  90.6 
23  83.  4 

18  78.  4 

16  71.3 
23  35.  7 

14  47.3 

20  70.  6 

21  41.9  j 

13  35».  2  I 

ir.  hO.  1 
tiU  81.  0  , 


7.3 

.5.8 
6.2 

6.8 


9.5 

6.0 


8.0 
7.3 


7.3 
8.6 


7.0 
7.4  I 
8.4 

8.0  ! 

..0 

5.8 
9.6 


7.4  I 
8..^    


8.5  I 

7.9    


34  25  46.  6 
29  9.3 

4^  7  21.6 
4-  3  57.  5 

■r   4  28.  5 

-  4  11.9 

-  7  26.8 
;  7  26.  1 

—0.9  

-1.3  "' 

28  36.4 

-0.3  .... 

37  18.  0 
40  35.  8 

-rO.l  

1 

1 

-0.4  

25  40.  4 

-0.3  

Digitized  by  LjOOQ  IC 
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Observationa  and  (imputations  for  latitude  of  Fort  Whipple^  Jri-soiia— Continued. 

OCTOBER  30,  1871. 


IS 

s  X 


7749 
779t} 


7807 
7H20 


7915  , 
79-23  , 


7943 
7953 


eiw 


mm  , 


W99 

8;«)7 


4H 

9-2  , 
llfi  ' 
146 


166 
173 

201 
211 

232 

2:jr> 

247 

7204 
7213 

7275 
7301 
7345 

7372 
73s7 


752«J  ; 
7.">6()  I 


7606  . 
7676  I 


Z  5c 

2-3 

Pa 


t.     d. 
Irt  57.  6 
19  8d  4 

18  95.  8 
22    0.5 

18  95. 1 

19  35.3 

25  64.  5 
15  70.2 

24  41.0 

14  tfi.2 

15  94.  3 

25  42.  6 

20  22. 0 

15  11.7 

16  31.  0 
20  74.  7 

19  33.  9 

17  b3.4 

13    1.2 
12  34.  3 

26  80.  3 


16  53.  7  I 
24  91.  4  I 

13  80.  5  I 
22  49.  3  I 
I 
15  12. 1 
12  29.  2  I 
24  10.0 

2H  23.  0  f 
9  77.  6  i 


Level. 


Corrections. 


«„_„_!,„  !  Half  snm  of  , 

,  Kemarks.  ,  aecliuatioii.    Mir.roiiieter 
I  I  and  refer- 


6.0 
7.5 


6.7 
12.5 


8.6 
7.7 


8.6 
7.4 


7.8 
8.0 


8.0 
10.  2 


10.3 
8.9 


9.8  : 
3.7  , 


7.7 
8.6  , 


o     /        /' 
34  34  2. 2 

30  .58.  6 


-  0  52.9 

+  2    3.1 


7.5  , 

9.0  I. 


8.1 


7.8  t 
6.4    . 


7.9  !        9.0  , 
5.6  '      11.0 


7.7  j 
8.6  ' 


9.0  I 

8.7  I 


I 


9.2  ; 

8.8 


8.6  ' 
9.1 


33  22.  5  -  0  10. 2 

I 

39  48.  6  I  -  6  41. 8 

26  41.0  j  +6  27.5 

26  39. 2  I  H    6  23. 2 

I 

36  37. 2  I  -  3  26.  2 


I 


8.9  I        9.1 
9.1  I        9.0 

9.1  I        8.8 


30  5.7 
34  a  0 
23  47.2 


-f  2  59.  3 
-  1  0.08 
+  9  17.3 


23  19.  8  1     +  9  44. 3 


_,_,. 

Level. 

II 

-3.8 

4-3.9 

0.0 

-0.3 

-0.5 

4-2.7 

-4.4 

-1.1 

0.0 

4-0.1 
-rO.3 

Meridian, 


Latitude. 


OCTOBER  31,  1871. 


13  16.7 
%\  98.  4 

19  9.7 

16  .33.5 
IH  6.4 

14  37.0  I 

20  69. 2 


I 


23  m.  9  1 
12  ^2.  0  I 


13  84.  1  I 
20  14.  7  I 


18  16.7 

19  49.3 


9.5  I 
8.0  ^ 

9.0 

7.9  : 

7.2  ' 

6.6  , 
13.1 

8.7  ' 
4.6 

11.4 
12.0 
9.0 

10.3 
13.2 

11.0  \ 
14.6 

11.0  ' 
13.0  I 

12.0  ' 
13.1 

12.0  ' 
10.0 


8.5 
10.0 

9.0 
10.0 

10.7 
11.4 
5.0 

4.5 

8.6 

10.4 
9.8 
13.0 

12.0 
9.0 

12.0 

8.5 

12.1 
9.4 

11.5 
11.0 

12.2 
14.7 


34  27  29.  0 


-f  5  38.  5 


38  55.  6   -  5  48.  7 


7.-17 
7.''20 

18  5.5.2 
21  68.0 

16.2 

7,8 

8.3 
12.0 

7915 
79-.>3 

18  m.  5 

19  28. 0 

7.7 
6.8 

7.7 

8.5 

7013 

79.->3 

25  84.  9 

15  89.  0 

8.4  ' 

».o 

6.8 
7.4 

8023 
t()32  i 


22  80. 1 
19  52,  6 


9.0 

6.  x 


I 
Very  faint] 


39  8.4 
41  3.8 


45  32.1 


25  46.7 
29  9.4 


31  53.6 
37  18. 1 


6  2.9 

7  57.2 


-12  25.7 


+  7  17. 1 
-;-  3  59.6 


4-1  9.9 
-•-  4  15.5 


9.0 


40  35.  9   -  7  31.  3 

I 
28  49. 2  I  4-  4  14.  8 

I 

i 
34  2.  2  ,  -  0  53.  6 

1 

.30  58.  7  '  4  2  6.  4 

I 
33  22.  6  I  -  0  15.  6 

I 
39  48.  7  I  —  6  42.  5 

I 

30  53.  2  '  -f  2  12.  3 


-0.7 
-1.4 


4  3.1 

-1-2.2 


i-0.1 

--2.  2 
-io 

+1.7 

4-3.4 

4-1.7 

-i-1.  8 

-3.3 

-,-2.5 

-1.1 

^1.5 

-0, 


34  33  5. 5 
5.6 
6.3 
6.5 
8.0 
5.1 
6.6 
3.9 
7.2 


4.6 
4.4 


34  33  6.  8 
.5.5 


8.6 


6.5 


6.0 
7.0 


5.2 
6.0 

6.3 
5.8 
5.3 
7  6 
5.9 


o>|itkQci.bv  .CjOOgill? 
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Observations  and  computations  for  latitude  of  Fort  lVhip2)h,  Arizona — Continued. 

OCTOBER  31,  1871. 


8097 
8128 


235 
247 


25  30.  6 
15  63.  3 


16  77. 6 
19    1.6 


13  34.  4 

12  70. 9 
27  13. 2 

16  13.2 
24  68. 0 

13  60. 2 
22  20.8 


Level. 

N. 

S. 

8.8 
7.6 

7.4 

8.9 

7.0 
5.7 

9.1 
10.5 

9.9 
2.3 

0.4 

8.8 

7.5 
13.1 

8.8 
3.2 

9.0 
7.4 

7.4 
9.0 

12.1 
6.5 

4.3 
10.2 

8.1 
8.9 

9.0 
8.3 

10.1 

10.1 

7.5 

7.0 
7.0 
9.8 

5.1 
7.1 

12.2 
10.2 

7.2 

8.8 

10.0 
8.4 

11.5 
11.9 

4.6 

6.0 
5.6 
12.9 

RomarkB. 


Very  faint 


(?)  Is  7.  3  . 


Corrections. 


Half  anra  of 

(lecliuatiou.  Micrometer 
and  refer- 
ence. 


o     /       // 
34  27  54. 3 

26  41.2 

34  36.6 

26  39.  4 

36  37. 3 

41  31.6 

34    8.0 


23  47.  4 
23  20.0 


27  29.2 
38  55.  7 


.39    8.6 
41     4.0 


+  5  11.4 
-}-  6  30.9 

-  1  30.  5 
-i-  6  18.6 

-  3  30.6 

-  825.6 
-1    2.0 


+  9  17.2 
4-  9  42.9 


4-  5  44.6 
-  5  47.  8 


-  5  58.3 

-  7  55.3 


Licvei. 

juenaian.j 

// 
4  0.1 

-4.7 

4  1.3 

4-5.  8  • 

0.0 

4-2.8 

-0.2 

4^0.5 

+0.5 

. 

-6.9 

-1.6 

1 

-1.9 

1 

! 

-1.3 

34  33  5.  < 

7.4 
7.4 
3Lp 


Sd 


a.1 
14 


6,? 


«  4 
7.4 


NOVEMBER  1,  1871. 


7275 
7301 
TJ45 

7372 
7*387 

75-20 
7560 

7749 
7706 

7807 

7915 
7923 

7943 
79r>3 

80-23 
8032 

8076 
«079 

8097 
bl28 

8195 
8206 

82!'9  , 
83U7  I 


12  41.5 

23  26.  0 

18  26.  2  I 

16  48.  ;^  ! 
lo  31.4  i 

24  .34.6  I 

13  19.6  j 

18  51.  3 

19  82,  7 

18  14  0  I 


18  80.  H 

19  26.  0 

17  40.3 
7  44.  :> 

22  .03.  0 
19  60.  4 


20  4.3.  1 
16  51.0 


18  8.-..  0 
26  oo.  o 


16     6.1 
18  31.  I 


20  12.  4 
14  VJ4.  0 


8.5 
7.9 
8.4 

8.1 
7.2 

8.3 
9.7 

6.1 
10.1 

10.3 

7.8 

9.0 
9.6 

6.1 
13.0 

9.  .■> 

8.6 

10.6 
8.3 

9.0 
9.8 

10.  5 
9.2 

8.0 
13.7 


7.0 
7.9 

7.8 

8.0 
9.  I 

8.7 
8.1 

12.1 

8.2 

8.4 
12.1 

10.0 
9.6  , 

1Z8 

5.9 

9.8 
10.9 

8.9 
11.1 

in.  8 
10.  1 

9.2 
10.6 

12.1 
6.7 


34  25  46.  6 
29    9.4 

31  53.  6 

40  36.  0 

34    2.2 

30  58.  8 

33  22.  7 

39  48.  8 

30  53.3 
30  27.  0 
27  54.3 
34  36.  7 


4-  7  18.3 
4-  3  50. 3 

Ll.O 

,  1.4 
-1.2 

4  0.8 

34  I 

4-  1  13.8 

-  7  30.  6 



4-  2    7.0 


6  42.4 


-{    2  10.  8       4-1.  4 


4-  2  38.  5 
-h  5  11.  4 


-2.8  I. 


-l.fi 


0  15.8       —0.7 


I 


-0.7 
-1.4 


-r  1  30.  8        -0. 1 


36  37.6       -  3  33.5  '     4-2.0 

Digitized  by 
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Oburvaivom  and  computatiom  for  latitude  of  Fort  Whij)ple,  J[ri<2rona— Continued. 

NOVEMBER  1, 1871. 


3  « 


21 


am  I 

KJ70  I 

4  I 

28  I 

•      4K 

92  I 

I 

jifi  i 

122  1 

14(3  I 


2.6 


I 


IKG 

201  ; 

.11  j 

O'tO    I 

247 


11  06.2  I 
29    3. 5  j 

18  46.  4  I 
16  96.  2 

13  42.1 

12  76. 1 
27  26.  5 

16  27.3 
24  66.  3 

12  93.  5  I 
21  52.0 

15    9.0 
12  20.2  ' 
23  99.  0  ' 


?-riO  I 

4| 

"l 
116  , 
140 

166 
173 

201 
211 

214 
219 

232 
23.') 
247 


Level. 


Remarks. 


Half  Hiira  of 
declination. 


Corrections. 


Micrometer 
and  refer'  Level, 
ence.         I 


10.2  , 
10.1  I 


11.8  ' 

8.0  I 

9.0  , 

9.0  I 

10.5  I 

8.4  I 
11.2  I 

9.5 
10.  >i  I 

10.6  I 
10.6  I 

9.0  I 


9.7  '  1 

10.0  j I 

10.3  , 

"•'i ! 

8.7  I  I 

12.7 ; I 


12.0 
12.0 
10.0 

12.9 
10.0 

11.8 
10.  H 


o  /   // 

34  41  31.  7 

21  24.  6 

34  8.2 

23  47. 5 
23  20. 2 

27  29.4 

I 

-  8  24.  9  j  -f  0.  4 
-f  11  42.1  I  -2.2 

-  1    0. 7  ;  -1. 1 


-'-  9  19.4  I     -1.7 
-r  9  46.1  I     -1.7 


5  39.0 


10.  6  I  I 

10.6  , 

12.4  , 


38  56.  0  I     -  5  46.  S 


39    8.  7  •     -  5  59.  6 


41     4. 1   i 


-2.2 

-1.6 

-2.3 
7  56.  3  i     -2.  3  ; 


Meridian. 


NOVEMBER  2,  1871. 


13  30. 3 
24  96.  0 

9.2 
8.3 

12.4 
13.5 

11  88.0 
29  27.  ti 

10.4 
10.5 

12.0 
12.0 

13  23.  0 
27  5.6 

10.4 
10.  J 

12.0 
12.0 

16  83.1 
25  lA  5 

10.7 
12.0 

12.4 
10.5 

13  60. 5 
22  27. 2 

9.8 
13.6 

13.0 
9.0 

19  52.  0 
17  ^2.  9 

19.5 
-  0.5 

3.0 
22.7 

15  78. 7 
12  91.  8 
24  99. 3 

11.6 
12.0 
17.6 

10.9 
10.7 
5.0 

34  26  39.  6  I 


21  24.7 


Vers' faint 


1  47.6 


38  56.0 
34  26. 9 


39    8.9 
41    4.2 


-  6  30.2 

-,  11  43. 1 

;-  9  18.  6 

i  5  37.  6 

-  5  50.2 

-  1  20.  S' 

-  6  12.  0 

-  8  8.0 

-5.7 
-  2.1 
-2.1 
-0.1 
+0.9 
-0.8 


-f9.0 


Latitnde. 


o    /      // 
34  33  7.  2 

4.5 

6.4 


5.2 
4.6 


6.2 
7.5 


0.8 
5.5 


34  33  4. 1 
5.7 
•4.1 
7.0 
6.7 
5.6 


5.9 
5.6 


NOVEMBER  5,  1871. 


J--097 
8128  ' 


H136 
8159 


82.')0 
e2b0 


^•299 
b307 


8317 
fc370 


214 
219 


19  39.  7  I 
27    1.4 

17  97.9  I 

20  82.6 

15  54.  8 
25    4.0 

20  68.0  I 
15  41. 8  I 

13  11.2  I 
2S  66.  7 

12    8.5  I 
29  32.0 

19  18. 2 
17    7.0 


9.8  1        8.1  I  Very  faint' 

rt    O     I  "T     It  I 


10.2 


9.0 
11.3 


7.5 
12.6 


11.5 
9.9 


11.0 
10.4 


7.5    !      34  27  55.0 


12.  9  !        4.  8 
7.0  !      10.7 


10.3 
8.6 


7.6 
9.8 

9.1 
7.2 

11.0 
6.1 

7.3 

8.9 

Very  faint 


8.1  ' 
9.0  ! 


35  2.3 
26  40.0 

36  37.8 
41  32.2 
21  25.1 


4-5  7.8 
-  1  59.1 
-J    6  23.  6 


-  8  27.4 
n  11  36.5 


34  27. 3       -  1  25.  3 


+3.0 
+3.§ 
-il.O 


-  3  32. 6       +2. 7 


[2.0 
+3.5 

+2.9 


34  33  5. 8 
6.2 
4.6 
7.8 
6.8 
5.1 
4.9 


Mean  latitnde  of  Fort  Wliipple,  Arizona,  34°  33'  6".  124  ±0. 065. 
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FORT  FRED  STEELE,  WYOMING,  (1872.) 

Longitude,  106-^  56'  4e''.80;  latitude,  4F  46'  40".24  ±0".05. 

The  point  selected  for  the  station  at  Fort  Fred  Steele  was  Just  in  tbe 
rear  of  the  sutler's  store,  on  the  west  side  of  the  railroad  track.  Being 
across  a  rayine  which  lay  between  it  and  the  railroad,  it  was  entirely 
free  from  the  jar  of  passing  trains;  and  being  at  the  same  time  to  the 
windward,  there  was  no  interference  from  smoke.  Fort  Fred  Steele  is  a 
military  post  pure  and  simple,  is  situated  on  the  left  bank  of  the  North 
Platte,  where  the' Union  Pacific  Kailroad  crosses  it,  and  has  no  citizen- 
population  whatever,  if  the  few  railroad  employes  and  the  proprietors 
of  one  or  two  insignificant  ranches  in  the  immediate  vicinity  be  excepted. 
The  location  is  on  a  bluff  of  the  river,  which  presents  here  limited  and 
rather  barren  valleys,  while  the  surrounding  country  has  been  much  dis- 
turbed by  volcanic  action,  and,  subsequently,  further  cut  up  by  erosion. 
The  general  view  is  very  limited;  the  top  of  Elk  Mountain  can  be  seen 
at  the  southeast  and  directly  north  on  the  east  side  of  the  river,  and 
but  two  or  three  miles  distant  a  rocky  ridge,  around  which  the  river 
works  its  way  to  the  west.  Southward  the  view  is  up  the  valley  of  the 
river,  the  barrenness  of  which  is  somewhat  relieved  by  a  few  straggling 
cotton- wood  trees.  Taken  altogether,  its  surroundings  are  not  inviting, 
and,  if  we  except  the  country  about  Green  River,  no  region  which  the 
Union  Pacific  Kailroad  traverses  is  more  destitute  of  animal  and  vege- 
table life. 

Meteorological. — The  most  unfavorable  condition  possible  as  to  weather 
prevailed  during  the  occupation  of  this  station,  which  was  in  the  mimth 
of  November.  In  this  time  there  was  scarcely  a  week  altogether  that 
could  be  made  available  for  astronomical  work  in  connection  with  Sjilt 
Lake.  It  was  entirely  too  cold  to  make  anything  like  satisfactory 
observations,  the  thermometer  showing  frequently  a  range  of  temi>era- 
ture  from  30^  to  40^  below  freezing,  and  once  it  actually  tx)uched  00-, 
when  it  was  no  longer  possible  to  remain  in  the  tent  or  keep  the  ink 
and  battery  from  freezing,  despite  the  use  of  a  stove — a  very  objection- 
able feature  to  an  observatory  under  any  circumstances.  It  was  not 
only  cold,  but  an  almost  uninterrupted  series  of  drifting  snow  and  dust 
storms  succeeded  each  other. 

Observatory  and  instruments. — The  observatory  and  instruments  wore 
the  same  as  those  used  at  Cheyenne,  Wj^o.,  and  the  transit  wa^ 
mounted  in  the  same  way.  The  assistants,  (J.  H.  Clark  being  the  prin- 
cipal.) were  also  the  same.  The  telegraphic  work  was  done  over  the 
Atlantic  and  Pacific  line,  and  the  operators  were  Messrs.  Brown,  McC*oy, 
Murphy,  and  three  others.  These  were  not  all  present  at  the  same 
time,  but  came  as  reliefs  during  the  occupancy  of  this  station. 

Con?iec^/oMj?.— Connection  was  made  with  Salt  Lake  observatory.  Ou 
the  1st,  4th,  5th,  7th,  19th,  20th,  21st,  22d,  25th,  and  26th  of  XovemlH^r, 
observations  were  made  with  the  view  of  interchanging  signals  tor 
longitude,  and  chronometer-signals  were  sent  and  received  on  six  nights. 
For  eleven  nights,  work  was  prosecuted  on  the  latitude.  On  many  of 
them  only  a  pair  or  two  of  stars  here  and  there  between  the  passini: 
storm-clouds  could  be  observed. 

Instrumental  values. — The  instrumental  values  are  given  in  the  reiK)it 
on  Cheyenne  station  already  published. 

Circumstances  of  telegraphic  connection. — ^The  length  of  the  circuit  is 
about  four  hundred  miles.  The  observatory  was  connected  by  a  lo«>]> 
with  the  railroad  telegraph  oflice,  and  all  the  signals  were  received  and 
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sent  by  the  instruraentality  of  the  chronograph.    No  information  is 
avaihible  as  to  the  batteries  and  repeaters  on  the  circuit  employed, 

The  computations  were  made  by  civilian  assistants,  J.  H.  Clark  and 
Dr.  F.  Kampf.  The  arrangement  into  publication  form  was  made  by 
the  latter. 

Uniform  tables  of  time-rednctions  at  Fort  Fred  Steele^  Wyo.,  Xovemhei'  5,  1872. 


Name  of  star. 


.  W.  ,23 


e    rcga«i 

11  ('CpllCM 

fi  Capricorni 

79  Draoonis i 

a  Aqnarii 

;«Urs.Maj.,L;C   E. 

n  Aqaarii 

9  Draconi8,L.  C 

T)  Draconis 

i  Peguai 


9. 

16.20 
3i9C 
40.04 
48.27 
34.12 
58.  09 
06.25 
17.  43 
OR  83 
27.  42 


6B 

.. 

eC 

T/ 

AR. 

AT 

t. 

9. 

i. 

h,    m. 

*.        k. 

m. 

t. 

h. 

TO.       8. 

-0.28 

-  2.37 

-0.04 

23    38 

18.25   21 

37 

55.64 

-2 

00    22.61 

-0.87 

-  6.45 

-0.12 

40 

25.  52 

40 

02.79 

22.73 

-0.19 

-t    3.73 

-0.04 

46 

43.54 

46 

20.92 

22.62 

-0.41 

-7.86 

-0. 13 

51 

39,87 

51 

16.95 

22.92 

-f0.04 

1-  2.99 

-0.04 

59 

37.11 

59 

14.  42 

22.69 

uO.04 

-10.18 

-0.10 

0    09 

08.21 

22 

0« 

44.  C5 

23.  56 

-0.04 

i    2.90 

r0.04 

19 

09.15 

18 

46.  36 

22,79 

r0.20 

rl6.42 

-0.17 

24 

:«.8'< 

24 

11.01 

22.87 

-0.10 

2.99 

+0.04 

29 

11.76 

28 

48.74 

23.02 

-0.17 

.    2.33 

i0.04 

35 

29.62 

35 

06.65 

-2 

00    22.97 

1  tlmi'  . . 

-2 

00    22.88 

yormal  equations. 
10       J  f  -      6.  74  a     -  -13. 16  c    =+    30. 82 

-  6.74«Jf   -     27.38  a       ,11.12  c    =-121.02 

-  13.  16  <J «  r     11. 12  a      -,  51.  01  c    =  -    49.  81 


a.n  -  4-.  390 

c  =   j-  0«.  035 


Fort  Fred  Stcehy  Wyo,,  Xoremher  .5,  1872. 


Name  of  star.  |  J 

I  3 


i   PUciom E 

GrcHMiib.  4163 

u  PiHciiiin , 

a  Adrom ; 

4   Drao.,L.C  ..". 
a   CaHsiopeiie . .  W. 
P  C.ti 


32r'aniol.,L.C  .|.. 
c    Pisciuin 


h.   TO. 

1  33 
49 
.5,'} 

3  02 
06 
3:) 
37 
47 
56 


9. 
43.93 
12.05 
06.  65 
10.38 
12.13 
43.  22 
31.54 
51.86 
40.  98 


iB 

aA 

eO 

T' 

AR. 

AT 

.. 

8. 

8. 

h.   m.      8. 

k.      TO. 

9. 

h,    TO.        8. 

-^0.07 

i-  2.68  ' 

0.00 

1    33    46.67 

23    33 

24.44 

-2    00    22.23 

^  0.21 

8.  45 

-  0.  01 

49    03.80 

48 

41.34 

22.46 

0.04 

u  2.64  1 

0.00 

53    09.33 

52 

46.80 

22.53 

-i0.05 

r   1.  16  1 

0.00 

2    02    11.59 

0    01 

48.  95 

22.64 

-  0.  12 

I  19. 09  1 

-f0.02 

06    31.12 

06 

08.90 

22.22 

-0.04 

-  I.{h2 

0.00 

33    41.26 

33 

18.58 

22.68 

-0.  05 

,    4.11 

0.00 

37    35.70 

37 

12.  51 

2:1  19 

0.  .'>7 

,  35. 27 

-0.03 

47    26.53 

48 

04. 97 

22.  56 

-r0.08 

.    2.55 

0.00 

56    43.61 

56 

20.77 

22.84 

time  .. 

-2    00    22. 59 

Xormal  equations. 

9  (J «- 12. 78  a  -  7.60  c  =  |-  60.50 
-  12.  78  d  ;  -  86.  18  a  -  -  49.  74  c  —  —  389.  94 
,  7.  60  6  t  -   49.  74  a  -;  140.  57  c  --.  1-  221.  57 


a  ..  -  4*.  470 

C-  --  0-.003 


Fort  Fred  Steele,  Xoremher  19,  1?^72. 


Name  of  star.        Clamp. 


^  Ppjrahi 

(  Oph««i 

a  PiHciH  Au.straliH. . 
a  UrHffiMiyoria,L.(: 

o  ('«'phei 

0  PiHcium 

y  Ophei 

a  CaHsiopciic 

/SVA'ti... 

t  l*isciuro 


W. 


w. 

E. 


T          l     bli 

aA 

8. 

cC 

8. 

T' 

h.    VI.     8. 

AR. 

h.  VK       8. 

AT 

h.m.    8.      \      8. 

h.  TO.    *. 

0  :M  32.  85    -  0.  44 

-;-  0,93 

-0.50 

0  34  32.  84 

22  35  06.  47 

-1  59  26.37 

44  39.  27    -   1. 16 

-  1.71 

-   1.19 

44  3,1. 21 

45  08.  90 

26.31 

50  02.  05    -  0. 19 

-  1.94 

-  0.57 

50  03.23 

1       50  36.  74 

26.49 

55  12. 13     ;    0- :« 

1    3.70 

T    1.07 

55  17.2.1 

'       55  50.  44 

"        s  26.  79 

1  12  56.31    -   1.69 

-  1.99 

-   1.29 

1  12  51.  34 

23  13  24.57 

26.77 

20  57.12  1-  0.57 

1.04 

-0.50 

20  57.  09 

1       21  30.63 

26.46 

33  45.03  1-  2.56 

-  4.47 

-  2.19 

33  35.  81 

1       .33  69. 15 

26.66 

2  32  46.  48    -  1.  78 

-  0.76 

r   0.8H 

2  32  44.  82 

0  33  18.  38 

26.44 

36  37.46  ,-  0..^4 

'      1.62 

-  0.52 

36  39.  06 

37  12.  4:< 

26.63 

55  46.54  ;-  0.86 

I  ,    1.00 

,    0.50 

55  47. 18 

56  20.  74 

-1  59  26.44 

sidfir^al  time      .... 

—1  59  36.  44 
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0  PiRciiira  . . . 

y  Cephoi 

a  Cassiopeia' 


Sonnal  equations. 

10       6t  -     0.74  a-    6.61  c  =  -    7.33 

-  0.74  ^t  -t  16.27  a  -  19.42  c  =  -  37.t^  a    - 

-  6.61  6  t  -  19.42  a   \-  45.50  e  =  -\-  60.16  c  - 

Fort  Fred  Steele,  Xoremher  20, 1872. 


-  i«.75e 

^  0«.  495 


Name  of  star. 


Clamp. 


bB 


aA. 


cC      \ 


T 


AK. 


AT 


^y. 


h.  m.     t. 

g. 

9. 

8. 

1  20  50.90 

-  0.2^ 

2.a3 

0.41 

33  42.  87 

-   1.2,1 

-11.30 

1.78 

2  32  44.  71 

-  0.69 

-   1.91 

-  0.72 

h.  m.     s.  k.  m.      8.  h.    m.    «. 

1  20  ,'«.66  23  21  30.65  -1  59  23.04 
33  32  12  33  69,  (»«                   23.  ^^ 

2  32  41.39  0  33ia35                  23.  (M 


Mean  for  O"*  0"  lok^al  sidereal  time^ — i  58  23.04 


yormal  equations. 


-i  3  a  «  -  2.38  a  -r  3.65  c  = 
-,-  2.38  6t  -N  6.98  a  ;-  9.86  c  — 
.    3.65  6  t    ;    9.86  a    .-  23.73  c  = 


-     9.23 

-  27.20 

a  ^-  4«.452 

-  34.43 

c  =  ..  0«.403 

Name  of  star. 


a     Aqnarii 

32  Ursiii  M:\jori8,  L.  C. . 

IT     Aquarii 

9      Dracouia  (H.) 

Y  Aqnarii 

226  Ophei 

^      Pegasi 

V  Aqoarii 

a     Piwcia  AuHtralis 

tt  ITrfra*  Majoris,  L.  C . . 

a      Pepasi , 

I      Piscium 

y     Cephei , 


Fort  Fred  Steele,  Xoremher  21,  1872. 
j  I 

Clamp. '  T         I    6  B   ,    a  A       c  C 


W. 


AR. 


AT 


Moan  for  22^  30"'  local  sidereal  time 


h.  m-.    «.!».'       8.    \     8. 

h.  m.    8.    ! 

h.  m.    8. 

K 

tn. 

» 

2,3  r^  30.  00  -0.  12  +  2.  64  -0.  38  23  58  32. 14 

21  59  14.  22 

—  1  5t» 

'^ 

0  07  53.67+0.15+  9.00  -^0.91 

0  08  03. 73 

22  08  45.  72 

„ 

f] 

18  02-  05  -0.  18  +  2.  :^  -0.  38 

18  04.05 

18  46.  16 

- 

23  14. 17  +0.  CO  + 14.  51  +1.  59 

23  30.  87, 

24  12.  70 

.« 

;7 

28  04.12-0.19  +  2.64-0.3^ 

28  06.  49 

28  48.  .'iS 

- 

M 

29  30.  .59  -0.  73  -  8.  65  - 1. 51 

29  19.70 

29  61.29 

i 

1 

34  22.  Ki  -0.  Ui  +  2.  06  -0.  38 

34  24.  35 

35  06.  45 

- 

«> 

45  13.  18  -0.  34  +   3.  03  +0.  :fe* 

45  16.27 

45  >.  10 

«, 

r 

49  50.12-0.19  +   4.27  +0.44 

49  54.  64 

50  m  7! 

- 

n. 

55  01.  30  —0.  28  +   8.  15  -0.  81 

55  08  36 

55  50.  .VJ 

|- 

-< 

.57  41.  12  -0.  50  +   1.  82  +0.  39 

57  42.83 

5H  25.  07 

l- 

1  32  39.  65  -0.  44  +   2.  33  +  0.  38 

1  32  4l.Ih2 

23  XI  24.  29 

|- 

33  36.  e9  -2.  02  -  9.  86  -fl.  66, 

33  26.  67. 

33  69.01 

—  1 

59 

IT. 

'- 

altime 

—  1 

.-|P 

•*4 

Xormal  equations. 

13   6/-  8.89  a   5.  09  c  -  +  ,37.  50 

-  8.  89  6  f +  39. 24  a- 15. 28  r  -  -  15S.  95 

5.  09  I  «-15. 28  a  +  72.  72  c  -  +  90. 21 

Fort  Fred  Steele,  Xovemher  22,  1872. 


a.~  -3».880 
c=  +0».37o 


Name  of  star. 


I  Clamp. 


9  Draoonis,  L.  C  . 

226  Cephci 

c  Copliei 

a  Vrmv  Msgoris,  L.  C 

o  CVphei 

A  Draconis,  L.  C 

y  Cephei |... 


W. 


&B 


aA  ;  cC    I 


AR. 


AT 


A.  m.    8.         8.         8. 

0  23  18.  72  -  0. 121 
29  20.  84 -0.20 -.5.  22 
44  2.">.H4-0..30-2.27| 
.54  59.8.31+0.05  +4.9l' 

1  12  41.38-0.20-2.65 
22  55.  (52  +  0.  Or  ,  6.  37 
33  29.03.-0.25,-5.94 


Mean  for  2.3''  0"  local  sidereal  time . 


8.      ' 

h.  m.    8. 

h.  m.     s.     1 

A.  m.    f. 

0.00 

0  23  27.  59 

22  24   12.  81 

—  1  59  14.7- 

0.00 

29  15.  42 

29  61.20, 

14.  2-: 

0.00, 

44  23.  27 

45  08  7» 

14.4' 

0.00 

55  04.  79 

55  50.  62^ 

14  i: 

0.  00| 

1   12  38.  53 

23  13  24.411 

14  :. 

0.00. 

2^1  02.  07 

23  48.  22 

13  - 

0.00 

33  23. 44 

33  6a  t.- 

-1  59  14.  -V 

-1  59  14. 31 

Xoi-maJ  equations. 


7  fir— 1.69  o-  4.12  <?=  +  1.76 
1.  69  «  f  +  39.  44  a  53.  84  c  -  —  91.  94 
4. 12  6  i    5:i  84  a  +  79.  50  c  -    ,  127.  .58 


a     —  9«.345 

c=.       0".000 
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!Name  of  star.      Clamp.  [ 


If    Dracoilis i 

a  CaHsiopciiK  . . .  i . 
21  ('aH8iopeia>  ...'. 
32  Caineiop'rdalis 

t     IMiicium '. 

38  CaHsiopeito  . . .  i . 


W. 


Fort  Fred  Steele,  Xovemher  22,  1872. 


I  ft.  m.  8. 

I  2  27  ()7.  in 
32  3a  67 
36  38. 17 
47  04.  43 
5,5  33.  60 
3  21  05.  61 


6B 

1    aA 

cC 

T' 

1 

AT 

8. 

8. 

8. 

h.  m.    8. 

h.m.    8.      1 

h.  m.    8. 

4  0.11 

^  6.4H 

+0.67 

2  27  14.  45 

0  '28  00.  46  I 

—1  59  13.99 

—0.17 

-  1.01 

—0.40 

32  32.09 

33  18.:i0 

13.79 

—0.  32 

—  4.66 

— O.KJ 

36  32.36 

37  lb.  18 

14.18 

r0..'>7 

;  18.46 

—2.19 

47  21.  27 

48  07. 25  1 

14.02 

--0.08 

r   1.33 

4-0.23 

55  35.  08 

56  20.  71 

14.37 

—0.25 

—  3.14 

-rO.65 

3  21  02.  b7 

1  21  48. 97 

—1  59  13. 90 

Mean  for 0^  30«  local  sidereal  time i    —1  59  14.04 


Xomial  equations. 

6       6t—    7.47  a  —     8.34  c  =  15.34 

-  7.47  6t   :    76.18  a   \-    63.73  c  -=  —  163.74  a  =  —  2«  .340 

-  8.34  6t-\    63.73  a  -r  129.80  c  r-^  —  119.46  c  -  -;    0»  .225 


Fort  Fred  Steele^  Xovcmber  25,  1872. 


Name  of  star. 

Clamp. 

I     ('<'phoi     .  ... 

a     Pi.Ht'is  Anst. . . 

a    TTrH.M^j.(L.C'.) 
o    ('('plu'i     -  . 

(     Pi.«<cium 

rrroom.  4163 

fL    I*iHciuin  - 

a    JVndroiiMMla-  . . 

4    I)raconi8(L.C.) 
e    Ci'ti     

'Ah  CaKsiopiea* 

y    Pisfiuin 

o     I'ixi'iniu  .. 

0    Arictia 

&B 


I    aA 


h.  m. 

0  44 
49 
54 

1  12 
20 
32 
47 
51 

2  00 
04 

3  16 
20 
23 
37 
46 


1.3.  50 
3<>  43 
48.09 
29.  60 
31.54 
25.  09 
46.  42 
47.50 
50.32 
03.  82 
41.14 
54.96 
42.  39 
42.  31 
38.92 


—1.12 
—0.18 
4  0. 27 
-1.17 
—0.40 
—0.35 
—1.38 
—0.  37 
—0.45  , 
1  1.02  I 
— 0.  12 
—0.76 
—0.31 
—0.31 
—0.44  1 


8. 
—2.  03 
+2.30 
+  4.39 
—2.  36 
+  1.23 
+  1.25 
—3.  95 
M.23 
-i  0.  54 
-8.92 
+  1.63 
—2.80 
+  0.  98 
+  1.17 
4  0.82 


cC 


8. 
+0.  45 
+  0.21 
—0.  40 
+  0.48 
+  0. 19 
,0.  19 
-.  0. 66 
rO.  19 
1  0.  21 
—0.91 
—0.19 
—0.  .")3 
—0.19 
— 0.  19 
-0.20 


AR. 


AT 


fi.  m.    s. 

0  44  10,  80 
49  3k  76 
54  52.31 

1  12  26.  55 
20  32.  56 

?! 

51  4t*.55 

2  (10  50.  62  I 
04  12.85  I 
16  42.  46 
20  50.  87  I 
2.3  42.  87  : 
37  42.  98  ' 
46  39.  10  I 


32  26.  IH  I 
47  41.75 


h.  m. 

22  45 
50 
55 

23  13 
21 
3:) 
48 
52 

0  01 
06 
17 
21 
24 
38 
47 


*.       I 
08.60 
36.64  I 
50.79  I 
24.28  ' 
30.56  I 
24.25  I 
40.24  i 
46.63 
48.74  I 
10.  73  I 
40.24  ! 
48.91 
40.90 
41.  05  I 
37.27 


Mean  for  O*"  0"  local  sidereal  time. 


h.  m.    8. 

-1  .59  02.  20 
02. 12 
01.52 
02. 27 
02.00 
01.  93 
01. 51 
01.92 
01.  H8 
02.12 
02,22 
01.  96 
01.97* 
01.  93 

-1  59  01.  83 


— 1  59  01. 96 


Xormal  eqnaiiona. 


-'-  15.00  fi  t  —    6.38  a  —    0.21  c  -  13.^J3 

—  6.38  <^  f   ,    33.-6  a    ,    32.67  c  ^-  —  64.?^8 

-  0.21  6 1   i    32.67  a   ;   72.51  c  =  —  54.83 


:  —  2«  .090 
,    0».l85 


Salt  LakCy  Xoretnher  5,  1.S72. 


Name  of  star. 


I  Clamp.  I 


o  CVphi 

6  Piwium 

^y, 

to  I^8oiura 

y  Cephei 

Groom.  4163 

01  PitK'ium 

E. 

o  Andromndi^- 

r  Peff^Bi 

I   Ceti 

bB 


aA  I   cC 


-|- 


h.  in. 


AR. 


AT 


h.   7/1.        8.  8.  8.     I 

23  16  01. 13     0.  461  l    5.  09   ,  0. 08  23  16  05. 84 

24  14.  (Mj,     0.07'    -  2.52     0.03  24  11.50 

36  07.  59I   -0.  lOJ-  2.  51  rO.  03  36  04.  95l 

36  40.  31|-0. 62     11. 31   f  0. 131  36  51.  13| 

51  14. 14'     0.  44]  ,    8.  44  -0.  ll'  51  22.  03| 

55  .30.  21 1     0.  09,  -  2.  48-  0.  03l  55  27.  611 

0  04  30.  97I     0.  10—  1.  04  -0.  03  0  04  29.  80 

09  24.  UU  0.  06  -     2. 00     0.  03  09  22.  02 

15  41. 2I1  i  0.  02!-  3.  39  -0.  03'  15  37.  8l| 


m.  8.  I 
13  25. 09 
21  30.  82 

33  24.  40 

34  10.29' 
48  41.35 
52  46.  80 
01  48.96, 
06  41.26 
12  56.  96 


h.  m.    8. 

-0  02  40. 75 
40.  68 
40.  55 
40.84 
40.  68 
40.81 
40.84 
40.  76 

-0  02  40.  85 


Mean  for  23>' 30«  local  .sidereal  time !-0  02  40.75 


Normal  equations. 


9.00  J«     -    2.49a 

-2.  49  St     r  13.78a 

1.27  it    —    8.  53  a 


1.27  c  --- 
8.  53  c  ~ 
45.30  c    -^ 


1  13. 12 

60.68 

.  3d.  70 


4'.  346. 
;  0\  029 
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Name  of  star. 


B    JqiiArii 

ir    Aqnaril 

9    Draconia,  L.  C  . 
oaeCephei 


Pegafli. 
Cephei  .. 
Aquarii.. 
Pegasi... 
Aquarii  . 
Cophei . . 


Clamp. 


W. 


E. 


Mean,  exclndinjc  9  Draconis  and  22fi  Cephei 
Mean  for  22>>.  30">.  local  sidereal  time 


Normal  equations. 

lO.OO^^f      1    ai9a     —5.25c    _=  -  0. 17 
I   3.19  (J  «    -; -24.29  0     -    19.60c     —      11.45        a-   -  0».  457, 
-5.25(J<    -19.60  a      -i  52.59  c    =■      10.57        c-    ,   0'.  042 


Salt  Lake,  Xovember  19,  1872. 


Name  of  star. 


a    ATidromcdre 

y    Pegasi 

12  Ceti 

a    Cassiopeiie 

0   Ceti 

82  Camelopardalis,  L.  C  . 
t    Fisciuni 


Clamp. 


W. 


I    6B 

I 


a  A  I   cC 


I 


h.  m. 

0  04  01.  721—0.  32  -0.  06  —0. 10 
08  53.  9^1—0.  281—0.  11  —0.  09 
25  46.  171— 0.  21 1—0. 18—0. 09 
35  30.98—0.73.  ,  0.11,     0.16 


39  25.  21 
50  20.  52 
58  33. 47 


— 0. 10—0. 22;     0.  09 

0.  92—1.  971—0.  88 

— 0.  I3U 0. 14      0.09 


Jl  m.    ».     I 
0  04  01.24' 

08  33.  50; 

25  45. 69! 

35  30.  521 
39  24.  98 
50  18.  59 
58  33.  29I 


AR. 


AT 


h.  tn.    8. 

A.     71*. 

#'. 

0  01  4a  83 

—0  0-2 

12.  41 

06  41. 16 

12.  34 

23  32.  92 

12.77 

33  ia27 

12. 2.'» 

37  12.  46 

12.  52 

48  06.  17 

12.42 

56  20.73 

—0  09 

12.56 

Mean  for  O""  30™  local  sidereal  time — 0  02  12.  47 


Normal  equations. 


TOO  it    -1   10.43  a    —    9.07  c    -^1     0.34 
10.  43  6  t      .    66. 14  a    —  78.  83  c    ■— —  17.  81  a  --  —  0«.  246 

-   9.07  5f    —78. 83  a      ;  103. 96  c    =   ,   23.82  c^   ;   0«.091. 


S<ilt  Lake,  Noremher  20,  1H72. 


Name  of  star.  j  Clamp. !         T  I    6  B      a  A 


I 


ir      Aqnarii 

9  DraconiiJ,  L.  C . 

226  Cephei 

§      Pegasi 

\      Aqnarii 

0      Cephei 

B     Piscium 

Y      Cephei 

(      Piscium 


W. 


E. 


AT 


h.  in.     a.    \      8.    \      8.         8.   1  h.  m.     8,  K  tn-.     «. 

22  20  .V).  4r)'— 0. 17  —0.  27  \  0.  03  22  20  56. 04  22  18  46. 

26  23.  86   ;  0.  40  —1.  60  — 0. 1 1|        26  22.  55  24. 12. 

32  11.  20  —0.  66   i  0.  98'  ;  0. 1  li        32  1 1. 63  30  01. 


23 


37  16.  75  —0. 16  —0. 22 
48  08.30—0.  17—0.33 
15  34.54—0.62  |  0.  50 
2:J  41.23—0.22-^.24 
36  19.15—0.97  ;-l.  11 
35  34.  79  —0.  22—0.  25 


0.  03,         37  16.  40,         35  06. 

0.03         48  07.83         45  58. 

— 0.  07   23  15  34.  35   23  13  24. 


—0.03 

0. 12 

—0.03, 


23  40.  74; 
30  19.17 
35  34.  29. 


21  30. 
:i4  09. 
33  24. 


.  1 

h.  m.  f. 

18 

—0  02  09.  mJ 

32 

10.  til 

315 

10.32 

52 

09.  p- 

16. 

0<l.ti7 

45' 

««.9«» 

67| 

10. 07 

22 

09. 9.1 

.^ 

—0  02  10.  t« 

Mean  for  23»>  0»  local  sidereal  time. 


Normal  equations. 


9.00  6  t    -y    0.11  a    —   6. 19  c    =  —   0. 39 
■  0.11  At     ;  29.  42  a    —    9.  .->4  c    -    —  12.  82  a    -  —  0».  427 

-  6. 19  6  f    —    9.  54  a      ,    6.1.  34  c    -      }    5.  77  c  =    i   0\  027 
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Name  of  star. 


a   Andromedae  . 

y    PegaHi 

I     Ct'ti 

12  Ceti 

a    ('a«8iopeifiB... 
fi  Ceti 


Cianip. , 


W. 


I  h.  m.    t. 

0  03  59. 26 
08  51.  73 
15  07.  2ri 
25  43. 15 
35  28. 16 
39  22.79 


I t 

:Mean  for  O"*  0"  local  sidereal  time. 


bh 

oA 

cC      1 

T' 

AR 

AT 

s. 

8. 

*.       ' 

h.  m.    8. 

h.  m, '  8. 

h.  m.    a. 

-  0.2?^ 

—  0.08 

-  0. 10  , 

0  03  58.  80 

0  01  48.  82 

-00  02  9.  98 

-  0.22 

-  0.16 

-  0.09  , 

08  51. 2H 

06  41. 16 

10.10 

-  0.14 

-  0.27 

-  0.  09 

15  06.  78 

12  56.  84 

09.94 

—  0. 12 

-  0.25 

-  0.09 

25  42.87 

23  32.  91 

09.96 

-  0.22 

,-  0. 16 

r  0.15 

35  28.25 

33  18.25 

10.00 

-  0.06 

-  0. 32 

r    0.09  1 

39  22.50 

37  12.45 

-0  02  10. 05 

-0  02  10. 00 


Xonnal  equatiom. 

-  6.00  i  f  -  2.64  a  ^  0.66  c  =  -  0.91 
,  "IMit  ,  2.43  a  -  0.68  c-  =  — 0.91 
,  0.66  J  t  —  0.68  a  -  -  8.72  c  -   .-  0.99 


—  0«.3r.l 
-   ;  0«.0e« 


Salt  Lake  J  2sovemhvr  21, 1872. 


Name  of  star,   i  Clamp. 


Pejrasi . . 
Cephri . . 
I*eua8i . . 
Aqtiarii. 
Cepliei . . 
PiHcium. 
Piscinm. 
Cepbei . . 


W. 


E. 


-  '    - 

T 

1  h.  m.    8. 

22  37  14.  76 

47  16.  32 

'  23  00  3:}  24 

09  52.  01 

15  32.  32 

23  38.  99 

35  32.38 

1        36  16.64 

bH 


aA 


cC 


8. 

8. 

,. 

-  0.22 

-  0.35 

1-  0.14 

-  0.59 

i-  0.68 

r  0.33 

-  0,25 

-  0.30 

'r  0.14 

-  0.16 

-  0..W 

f  0.14 

-  0.46 

^  0.78 

-  0.35 

-  0.16 

-  0.38 

-  0.14 

-  0.16 

-  0.39 

-  0.14 

-  0.72 

'r  1.73 

-  0.61 

T' 

h.  m.    8. 

22  37  14. 33 

47  16.74 

23  00  32.  &3 

09  51.  49 

15  32.29 

23  38. 31 

'    35  31.69 

36  17. 04 

AR 


AT 


h.  m. 

22  35 
45 
58 

23  07 
13 
21 
33 
34 


«.       I 
06.51 
08.80 
25.08 
43.72  I 
24.41  , 
30.66  I 
34.25  I 
09.14  ! 


h.  m     8. 

-0  02  07.  82 
Of.  91 
07.75 
07.77 
07.88 
07.65 
07.44 

-0  02  07. 90 


Mean  for  23*  0»  lot-al  sidereal  time 1  —0  02  07. 77 


Xonnal  equations, 

8.00  St-  1.92  a  -  3.54  c  =-■  f  2.63 
1.92 a  ri  10  92a  -^  12.78  c  -  „  5.07 
3.54  6  «  i- 12.78  at-  37.43--     4.19 


a  — 

c  -^ 


-  0».664 
0M37 


Salt  Lale,  Xovemher  21, 1872. 


Name  of  star. 


a    Androroedie 


y    Popasl 

I     Ceti 

a    CaH8iopei». . 

0   CHi 

32  (/amelop.,L.C. 
e     Pisciam 


Clamp. 


W. 


h.  m. 


08  49.  3:1 

15  05. 16 

35  25.  70  —  0. :« 

39  20.  53   —  0. 

50  17.64  1+  0.90 

58  28.  78   —  0. 14 


—  0.34 


—  0.  28 
--  0.18 


—  0. 13  —  0.  02 

—  0.  24  —  0.  02 

—  0.  42  t—  0.  Oi 
+  0.25  1+  0.03 

—  0.49  l-f-  0.02 
4.  33  —  0.  IH 

—  0.  30  .+  0.  02 


0  03  56.  39» 
08  48.  79 
15  04.  54 
35  25.  60 
39  19.97 
50  14.03 
58  28.  36 


AR. 


AT 


h.  TO. 

0  01  48.  81  —0  02  07. 58 


h.  m.  8. 


06  41. 14 
12  56. 76 
33  18.23 
37  12.  44 
48  06.  ^   I 


07.65 
07.78 
07.37 
07.  53 
07.50 


56  20. 72  ;— 0  02  07. 64 


Mean  for  Oi<  0">  local  sidereal  time —0  02  07.58 


Xormal  equations. 

■      7.00  5?    ,    10.47O—    9.08c--—    2.88 

-  10.  47  5  ?        W).  21  a  —  78.  92  r   -    —  32.  Xi 

—  9.08  <J«—  7^'.92a    ;  104.02c  -=    [    40.  GO 


—  0\  541 

i-  0\018 
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!Naiue  of  star. 


ir  Aquarii . . 

*2-26  rophei... 

^  Pegasi . . . 

1  Cephei... 
A  Aquarii.. 
a  IVgasi... 
ift  Aquarii.. 
o  CVpIiei  .. 

2  IMHoium  . 
y  Ceplici... 


Claoip.  I 


I 


W. 


E. 


h,  m, 

22  20 
32 
37 
47 
48 

23  00 
09 
15 
23 
36 


«. 
52.18 
06.  86 
12.47 
13.93 
04.16 
30.98 
49.  85 
29.60 
36.69 
13.19 


bB 


8. 

—  0.22 

—  1.02 

—  0.27 

—  0.59 

—  0.15 
0.07 

—  O.Ol 
-1-  0.07 
■{-  0.04 
+  O.lti 


aA 


cG 


AR. 


—  0.30 
+  1.08 

—  0.  25 
+  0.48 

—  0.  36 
'—  0. 21 


J-  0.03 
+  0. 12 
+  0.03 
f  0.07 
+  0.03  I 
—  0. 03 
I—  0.  35   —  0. 03  ' 
t-  0.  55  !—  0.  08  ' 
!—  0.  27  ,—  0.  03 
-h  1.23   —  0.13  1 


h.  m.     t. 

22  20  51.  69  i 
32  07.  04 
37  11.98  1 

47  13.89  ' 

48  03.  68  i 

23  00  30.  67 
09  49.  46 
15  30. 14 
23  36.  43 
36  14.  47  ; 


h.  m.     a. 

22  18  46. 17 
30  01. 13 
35  06.50 
45  08.  75 
45  58.  14 
58  25.07 

23  07  43.  72  | 
13  24. 36  I 
21  :W.64  I 
34  09. 05  , 


AT 


h,  m.  8. 
—0  02  05.52 
05.91 
05.48 
05.14 
0.\54 
05l60 
05.74 
05.78 
05l  79 
I  02  05.42 


Meau  for  23"  0«  local  sidereal  time — O  02  05.59 


Xormal  equations. 
4-  10.00  Jf-    3  39A -T-    0.63c  =  —  4.34 

—  3. 39  «  e  +  16.  81  a  +    3.  l5  c  =  —  5.  87 

—  0.63  St  -r    3.15a    j    54.55c  =  -\-  0.64 


a  r^  —  0*.  473 
c  —    \    0\  032 


Salt  Lake,  Xovemher  25,  1872. 


Xame  of  8tnr.    ,  Clamp. 


>  h.  m. 

226  f Vphoi W.     I  22  31 

^      IVgasi I  37 

I      Ct'phei ' 47 

A      Aqnarii 1 47 

a      Pt>ffa«i ' I  23  00 


Aquarii. 

C'ephei . . . 
Piftcium  . 
PiHciiim  . 
C<>phci... 


E. 


8. 
58.  KS 
05.  63 
06.96 
57.  30 
24.06 
42.89 
22.  H2 
29.51 
23.34 
07.12 


6B 


aA 


cC 


8. 

..    1 

-4  0.  68 

-LO.  21 

-  0.  15 

.  «.05 

HO.  30 

-rO.  12 

-0.23 

-:  0.  05 

-0.13 

-fO.  05 

-0.22 

-0.05 

-;  0.  35 

-0.13 

-  0.  17 

-  0.  05 

-0.  IH 

-0.05 

-,  0.  78 

—0.23 

h.  m.     8. 

22  31  59.  8,3 
37  05.  54 
47  07. 44 
47  57.  16 

23  00  24.  00 
09  42.  67 
15  23. 18 
23  29.  33 
:«  23. 15 
36  07.  81 


AR. 


K  in.     8. 

22  30  00.  8-^ 
35  06.  46  I 
45  08,  61  . 
45  58. 11 
58  25.03 

23  07  43.  70 
13  24. 23 
21  30.61 

33  24. 21 

34  08.  82 


Mean  for  23'>  0«»  local  sidereal  time  . 


AT 


A.m.  8. 

-0  01  58. 95 
59.  OH 
58.  ^3 
5 1.  05 
5a<>7 
58.97 
58.96 
58.  T2 
58.94 

-0  01  58.99 


-0  01  58.  95 


Xoitnal  equations. 


\10.00  6f.  -    3.  44 a  -    0.  55 c  -=    ;  1. 53 

-  3.44  5 «    i-  16.75a    ;      2.8oc=-5.03 

-  O.5o6t  ^     2.85a    f  54.55c  -    ;  1.96 


flr-  -0«.298 
r  -  .  0«.  0.52 


^alt  Lake  chronometer. 
Xegus  1511. 


1872. 


Loc*al  sidereal 
time. 


>>'ovember   5 i 

November   7 

Noveml)er  19 i 

November  20 1 

November  21 1 

November  22 , 

Novera])er  25 1 

N  0  vem ber  26 


h. 
23.  5 
22.5 
23.  5 
23.5 
2.3.5 
23.0 
23.0 
23.0 


('orrt^ction   of 
cUrouumeter. 


m.     8. 

-  2  40. 75 
39.96 
12.61 
10.00 
07.68 
-2  05.59 
—1  58.95 
55.78 


Adoptetihoarly 

rat^a. 


0.017 
0.026 
0. 101 
0.103 
0.092 
0.090 
0.112 
0.132 
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Fort  Fred  Steele  chronometer, 
Nkgub  1499. 


1872. 

November   5 

November   7 

November  19 

November  20 

November  21 

November  22 

Novi'mber  25 

November  2C 


Local  sidereal 

Corrfetion   of 

Adopted  hoorly 

time. 

cbrouometer. 

rates. 

h. 

A.    m.     8. 

g. 

2:*.0 

—2  00  22.  70 

0. 129 

22.5 

1U.52 

0.140 

23.0 

-1  59  26.  54 

0.150 

24.0 

2.'J,  04 

0.  laO 

22.5 

17.93 

0.  \fl 

23.5 

14.16 

0.161 

0.0 

59  01.  9ti 

0.201 

22.5 

-1  58  56.  40 

0.232 

NOVEMBER  5, 1872. 
Signals  sent  from  Salt  Lake. 


h.    m. 

t. 

h. 

m. 

s. 

1    03 

40.4 
50.4 

22 

46 

10.7 
20.8 

04 

00.2 
10.2 
20.3 

30.6 
40.6 
50.7 

30.7 

47 

01.1 

40.6 

10.9 

50.4 

20.8 

05 

00.5 
10.4 
20.4 

30.8 
40.7 
50.8 

Ft.  Fred  Steele 

Salt  Lake  chro-  J  Ft  Fred  Steele  chro- 

Salt Lake 

chronometer. 

nometer. 

nometer. 

chrouometer. 

h.    m.     9. 

1 
h.    m.     9. 

A.    m.     *. 

h.    m.       8. 

1    05    30.7 

22    48    01.1 

1    07    20.9 

22    49    51.1 

40.7 

11.1 

31.2 

50    01.4 

'                  50.6 

20.9 

41.2 

11.4 

1             6    01.0 

31.1 

51.1 

21.2 

,                   10.6 

40.9 

08    00.7 

31.1 

!                  20.7 

51.0 

11.0 

41.1 

1                   30.9 

49    01.1 

21.0 

51.3 

;                   40.9 

11.1 

31.4 

51    01.7 

1                   50.7 

21.1 

41.0 

11.3 

1            07    00.7 
1                   10.7 

31.0 
41.1 

Mean,   1    6    10.71 

22    48    41.02 

Signals  sent  from  Fort  Fred  Steele, 


Ft.  Fred  Steele 

Salt  Lake  chr< 

chronometer. 

nometer. 

h.    m. 

9. 

A. 

m.     9. 

1    10 

06.1 

22 

52    36.3 

17.1 

47.3 

27.6 

58.0 

35.8 

53    06.3 

46.0 

16.3 

.mi 

26.3 

11 

06.  5 

36.8 

17.0 

47.3 

26.4 

5<J.9 

36.1 

54    06.3 

46.7 

16.1 

56.6 

27.0 

1  12  06.7 
17.3 
27.0 
36.  1 
47.9 
.•V6.  6 
13  07.3 
17.1 
27.0 
36.8 
47.2 
57.0 


A.    m .      9. 
22    54    37.1 


55 


47.7 
57.4 
06.4 
18.2 
27.0 
37.8 
47.4 
57.  4 
07.2 
17.7 
27.3 


Ft.  Fred  Steele  chro- 

Salt Lake 

nometer. 

chronometer. 

A.    m.     *. 

A. 

m.      *. 

1    14    07.5 

22 

56    37.9 

16.8 

47.1 

27.7 

5f.l 

36.6 

57    07.0 

47.2 

17.8 

57.  2 

27.  H 

15    07.5 

3^'.0 

17.2 

47.6 

27.4 

57.9 

Mean,    1    12    46.  bri   ,22    55    17.23 


Ft.  Fred  Sto<lo    Salt  Lake  obm- 
chrononiettr.    i       uometcr. 


NOVEMBER  19,  1872. 
Signals  sent  from  Salt  Lake. 


Ft.  Fred  Steele 
cUronoiuoter. 


m. 

». 

A. 

in. 

*.       1 

A. 

in. 

8. 

00 

2*^.3 

23 

43 

27.0     1 

2 

02 

18.0 

.'i^.  1 

• 

36.9     1 

'>8.  2 

4H.2 

46.9 

38.2 

58.  C) 

.-HJ.  8     . 

48.3 

01 

OH.  2 

44 

06.9     ! 

58.2 

17.9 

16.  6 

03 

Or*  1 

27.8 

26. 3  ; 

18.3 

38  2 

36.9 

28.  :i 

48.3 

47.0     1 

3".  3 

58.1 

r^.8   ' 

48.7 

02 

07.9 

45 

06.7 

58.3 

Salt  Lake  cbro- 
iiometcr. 


8. 


45  16. 7 
26.9 
36.9 
47.1 

40  06  9 
17.0 
2(5.9 
37.  1 
47.2 


Ft.  Fre<l  Steele  chro- 
nometer. 


Salt  Lake 
chrrmometer. 


A.     m. 
2    04 


05 


8. 

08.3 
18.3 
28.  6 
3*^.7 
48.7 
5H.  7 
08.6 
18.7 
28.6 


23 


#. 
07.1 
17.1 
27.1 
37.2 
47.2 
57.  2 
07.2 
17.3 
27.2 


57.1     >i  Me^ii,      2  02    58.30    23    45    56.97 
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Signaht  sent  from  Fort  Fred  Steele. 


Ft.  Fred  Steele 

Salt  Lake  chro- 

Ft.  Fred  Steele 

Salt  Lake  chro- 

Ft Freii  Steele  chro- 

Salt Lake 

chronometer. 

noroeter. 

chronometer. 

nometer. 

nometer. 

1 

chronometer. 

h.    m.     8. 

h.    m.     s. 

h.    m.     .1. 

h.    »n.      8. 

h,    m.     8. 

h.    m.      s. 

2    07    33.8 

23    50    32.6 

2    09    24.6 

23    52    23  3 

2    11    14.6 

23    54    12.3 

43.5 

42.2 

34.2 

33.0 

24.9 

23  -^ 

M.  6 

52.3 

43.7 

42.5 

h                            34.8 

33.7 

08    03.2 

51    02.0 

54.1 

52.9 

43.8 

42.6 

14.0 

12.9 

10    03.2 

53    01.8 

53.3 

53.1 

24.7 

23.3 

14.5 

13.2 

12    03.5 

55    Oil 

34.4 

33.1 

24.6 

23.3 

(                              14.8 

1.T  5 

43. 7 

42.3 

34  5 

33.2 

I                              25.0 

23.?^ 

53.7 

52.3 

44.0 

42.8 

34.  9 

33.8 

09    03.4 
14.6 

52    02.1 
12.2 

54  5 

53  I 

11    03.3 

54    02.0 

Mean,     S    10  03. 11 

23    53    0L^4 

NOVEMBER  20, 1872. 
Si<jfuil8  sent  from  Salt  Lake. 


Ft.  Fred  Steele 

Salt  Lake  chro- 

! Ft.  Fred  Steele 

Salt  Lake  chro- 

Ft Fred  Sieele  chro- 

Salt Lake 

chronometer. 

nometer. 

chronometer. 

nometer. 

nometer. 

chronometer. 

h.    m.     8. 

h.    m.     8. 

h.    in.     8. 

h.    m.     8.       1 

h.    m.     8. 

h.    m.     8. 

2    55    17.7 

23    38    16.9 

1    57    07.5 

23    40    06.8 

1    58    57.8 

23  41     57. 0 

27.3 

26.5 

17.  5 

16.8 

59    07.8 

42    07.0 

37.6 

36. 9 

27.8 

27.0 

17.8 

17.0 

47.6 

46.9 

37.8 

37.1 

28.0 

27.2 

57.1 

56.2 

47.8 

47.1     ! 

38.1 

37.3 

56    07.1 

39    06.3 

57.8 

56.9 

48.2 

47.4 

17.3 

16.5 

58    07.6 

41    06.9 

58.0 

57.2 

27.6 

26.9 

17.5 

16.8 

2    00    0^.0 

,        43    07.1 

37.8 

37.0 

2c?.  0 

27.1 

17.8 

i                17.0 

47.8 
57.5 

47.0 
56.8 

1                   38.1 

1                    47.7 

37.2 
47.1 

Mean,     1    57    47.71 

23    40    46,93 

Signals  sent  from  Fort  Fred  Steele. 


Ft,  Fred  Steele 

Salt  Lake  chro- 

chronometer. 

nometer. 

h.    m. 

8. 

h. 

m.     8. 

2    01 

19.5 

23 

44    18.8 

30.5 

30.0 

40.7 

40.0 

50.7 

50.0 

02 

00.3 

59.7 

10.4 

45    09.7 

19.7 

19.0 

30.5 

29.9 

41.0 

40.2 

50.8 

50.1 

03 

00.4 

59.8 

i  I! 

Ft  Fred  Steele '  Salt  Lake  chro- 


chronometer. 

nometer. 

h.    m. 

8. 

h. 

W.       8. 

2    03 

10.5 

23 

46    09.9 

20.3 

19.7 

30.7 

30.0 

41.0 

40.2 

50.8 

.•50.1 

59.  9 

59. 2 

04 

10.3 

47    09.6 

20.2 

19.5 

30.3 

2J).6 

41.1 

40.2 

51.3 

50.6 

Ft  Fred  Steele  chro- 

Salt Lake 

nometer. 

chronometer 

h. 

m. 

8. 

h.    m.     9. 

2 

05 

01. 1 

23  48    00. 3 

U.2 

10,2 

20.8 

20.1 

30.8 

30.1 

40.9 

40.1 

51.2 

50.4 

06 

01.2 

49    00.5 

11.0 

10.2 

21.0 

20.2 

Mean,    2 

03 

50.65 

23    46    49.93 

NOVEMBER  21,  1872. 
Signals  sent  from  Salt  Lake. 


Ft.  Fred  Steele 

Salt  Lake  chro- 

Ft Yrt'A  Steele 

Salt  Lake  chro- 

Ft Fre<l  Steele  chro- 

Salt Lake 

chrouometer. 

nometer. 

chronometer. 

nometer. 

nometer 
h.    m. 

«. 

chrono 
A.     m. 

meler. 

h.    m. 

8. 

h. 

m. 

8. 

h. 

m. 

s. 

h. 

m. 

8. 

^_ 

2    00 

34.5 
44.2 
54.1 

2:j 

43 

36.9 

4»).8 
56.7 

2 

02 

24.8 
34.6 
44.4 

: 

45 

27.1 
37.0 
46.9 

2 

04 

• 

14.9 
25.1 
34.9 

23 

47 

17.3 
2T.: 
37.  3 

01 

04.2 
14.5 
24.6 
34.4 
-1  J.  3 
.'.1.3 

44 

06.8 
17.0 
27.1 

36.9 

46.8     ' 
.56.  8 

03 

54.  5 
04.5 
14.8 

2r».  1 

34.6 
44.6 

46 

5<i.9 
07.0 
17.1 
27.6 
37.  1 
47.1 

05 

44.7 
54.  7 
04.9 
l.j.  1 
25. 3 
35.1 

4.> 

47.1 

:u.  1 

07.  4 
It.  t» 
27.  .- 
37.- 

(12 

(II.  3 
11.6 

45 

06.8 
17.0 

54.6 
04.8 

57.0 
07.1 

04 

47 

Mean,   2 

03 

04.65 

23 

46 

il7,  !•: 
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SiffndU  sent  from  Fort  Fred  Steele. 

Ft.  Fred  Steele 

Salt  Lake  chro- 

' Ft.  Fred  Steele 

Salt  I*ake  chro- 

Ft Fred  Steele  chro- 

Salt  Lake 

chronometer. 

nometer. 

chronometer. 

nometer. 

1            nometer 

chronometer. 

h.    m.      ». 

k.   m.      9. 

1 

h.   m.      8. 

h.   m.      8. 

1               h.    m. 

«. 

h.     m.      s. 

2    06    45.2 

23    49    47.8 

2    08    55.5 

23    51    58.1 

2    11 

05.9 

23    54    08.5 

56.6 

59.2 

09    05.8 

52    08.3 

1 

15.1 

17.5 

07    05,1 

50    07.6 

.... 

1 

25.6 

28.1 

14.9 

17  5 

1                      

35.0 

37.5 

25.2 

27.  .S 

1                   34.9 

37.5 

45.7 

48.2 

34.5 

37.0 

' 

.... 

1 

56.1 

58.5 

45.4 

48.0 

.... 

12 

06.2 

55    08.5 

55.  5 

58.1 

1            10     .... 

53     .... 

15.6 

18.1 

OK    05.6 

51    08.1 

1 

1 

25.5 
35.0 

28.1 
37.6 

'                   34.8 

37.3 

' 

45.7 

48.2 

34.4 
45.2 

37.0 
47.5 

I                   45.5 
5S.9 

48  0 
58.3 

1 

1  Mean,    2    09 

49.69 

23    52    52.20 

Ft  Fred  Steele 

Salt  Lake  chro- 

chronometer. 

nometer. 

h.    m. 

8. 

h. 

m.      s. 

1    57 

23.1 

23 

40    37.1 

33.0 

37.0 

42.9 

46.9 

53.1 

57.1 

08 

02.6 

41    06.6 

12.9 

16.9 

22.9 

26.9 

32.8 

36.8 

42.9 

46.9 

52.8 

56.8 

59 

03.0 

42    06.9 

XOVEMBER  22,  1872. 
SiffTiaU  sent  from  ScUt  Lake. 

Ft.  Fred  Steele  Salt  Lake  chro- 


i; 


chronometer. 

nometer. 

h. 

m. 

8. 

h. 

m.      8. 

1 

59 

13.1 
23.1 
33.0 
43.0 
53.0 

23 

42  17.1 
27.1 
36.9 
46.9 
56,9 

2 

00 

03.1 
13.1 
23.1 
33.0 
43.1 

43  07.1 
17.1 
27.1 
37.0 
47.0 

53.1 

57.0 

Ft  Fred  Steele  chro- 
nometer. 


Salt  Lake 
chronometer. 


h. 

m. 

8. 

h. 

m. 

*. 

2 

01 

03.3 
13.5 
23.4 
33.3 
43.3 
5.3.1 

23 

44 

07.2 
17. 3 
27.2 
37.1 
47.2 
57.1 

02 

03.4 
13.7 
23.6 

45 

07.2 
17.7 
27.4 

Mean,    1 

59 

53.11 

23 

42 

57.05 

Ft  Fred  Steele 
chronometer. 


h. 

2 


00.1 
10.8 
20.8 
31.0 
40.3 
50.6 
00.0 
10.3 
20.6 
31.0 
40.4 


Ft  Fred  Steele 
chronometer. 


Signals  sent  from  Fort  Fred  Steele. 


Salt  Lake         Ft  Fred  Steele  >      Salt  Lake 
chronometer,  i    chronometer.   !  chronometer. 


55 


56 


m.     8. 

36  24. 
34. 
44. 
54. 

37  04, 
14. 
24. 
34. 
44. 
54 

3»<  bi! 


8. 

04.1 
14.9 
24.9 
35.0 
44.2 
54.7 
04.0 
14.2 
24.7 
35.0 
44.3 


Salt  Lake 
chronometer. 


m. 

8. 

h. 

m. 

8. 

13 

50.6 

23 

56 

54.7 

14 

00.3 
10.8 
20.7 
30.7 
40.4 
50.9 

57 

04.3 
14.9 
24.8 
34.7 
44.3 
54.9 

15 

00.9 
10.5 
20.6 
30.9 

58 

04.9 
14.3 
24.8 
34.9 

Ft  Fred  St«M?le  chro- 

Salt Lake 

nometer 

chronometer. 

h. 

m. 

8. 

h. 

m.     8. 

2 

15 

40.4 
50.9 

23 

58  44.3 
54.9 

16 

00.6 
10.9 
20.8 
30.9 
40.5 
5J.0 

59  04.5 
14.8 
24.9 
34.9 
44.6 
55.0 

17 

01.0 

24 

00    05.0 

Mean,    2 

14 

30.65 

23 

57    34.60 

m. 
19 


21 


8. 

33.1 
43.3 
54.0 
03.8 
13.4 
23.3 
3:^.3 
43.5 
54.0 
04.0 
13.6 


NOVEMBER  25,  1872. 
Sighals  sent  from  Salt  Lake. 


Ft  Fred  Sterle 
chronometer. 


m. 
38 


8. 

14.4 

24. 2 
34.  5 
4.5. 0 
54.8 
04.6 
14.7 

24. 3 
34,7 
44.  B 
54.8 


23    04.1        Mean,    2    38    54.  GO  ,      0    32 


Digitized  by  LjOOQ  IC 


560 


REPORT  OF  THE  CHIEF  OF  ENGINEERS. 

Sigtials  sent  from  Fort  Fred  Steele. 


Ft.  Fred  Steolo 
chronometer. 


h. 
2 


m.     8. 
AS    54. 

49  05. 
15. 
25. 
35. 
45. 
54. 

50  05. 


Salt  Lake      i  Ft  Fi-ed  Stoele 
chronometer.    '     chronometer. 


33 


s. 

04.1 
14.2 
25.1 
35.1 
44.5 
54.7 
04.0 
14.4 
25.1 


2.'i.5 
34.8 
45.  3 
54.  9 
05.5 
15.  7 
25.7 
.'J5. 2 
45.4 


Salt  Lake      '   Ft  Fred  Steele  chix)- 
chronometiT.    'I  uometer. 


m. 

s. 

33 

34.9 

44.1 

54.6 

34 

04.2 

14.8 

2.').  1 

35. 1 

44.6 

54.  9 

Salt  Lake 
chronometer. 


h. 

m. 

a. 

A. 

m. 

9. 

2 

51 

54.9 

0 

35 

04.2 

52 

O.'i.  6 
15.9 
2.-).  7 
34.7 
45.6 

15.0 
25.2 
35.1 
44.1 
5.-,.« 

55.3 

36 

04.7 

Mean.    2 

50 

55.32 

0 

34 

04.tr: 

1  12  40.  88     —2  00  22.  67 
22  55  17. 23     —0  02  40.  76 


Nov.  19, 1872. 
Salt  Lake.... 


Ft  Fred  Steele.  2  02  58. 30 

I  Salt  Lake 23  45  56.  97 

Fort  Fred  Steele!  Ft  Fred  Steele  .1  2  10  03. 11 

I  Salt  Luke ;  23  53  01.84 

Nov.  20, 1872. 

Salt  Lake Ft.  Fred  Steele  1  57  47. 71 

'  Salt  Lake  .....  23  40  4»i.  93 

Fort  Fred  Steele'  Ft  Fred  Steele.,  2  03  50.  65  I 

,  Salt  Lake 23  46  49.  93  , 


—1  59  26. 39 
—0  02  12.  59 
—1  59  26. 37 
—0  02  12.  58 


-1  59  23.  03 
—0  02  09.  96" 
—I  59  23.  01 
—0  02  09.  97 


Nov.  21,1872. 

Salt  Lake Ft.  Fred  Steele         2  03  04.  65  —1  ,')9  17. 64 

Siilt  Lake   2;{  4«5  07.  12  —0  02  07.66 

Fort  Fred  Steele    Ft.  Fr.*d  Steele         2  <H)  49.69  '  —1  59  17.62 

,  Salt  Lake I  23  52  52.  20  ;  —0  02  07.  65 


Nov.  22, 1872. 


Salt  Lake Ft  Fred  Steele 


Fort  Fre<l  Steele. 

Nov.  2.'>,  1872.    I 

Salt  Lako ' 

Fort  Fred  Steele' 


Salt   Lake ,    23  42  57.05 

Ft.  Fred  Steele  j       2  14  .'id.  (15 
Salt  l..}ike 23  57  34.  66 


I 


Ft.  Fred  Steele 
Salt  Luke  ..  .. 
Ft.  Fred  Steele 
Sail  Lake 


2.38  ,->4.60 
0  22  OJ.  79 
2  50  55.  'A-2 
0  34  04.  67 


— 1  59  14.08 

—0  o-.i  0."..  :>A 

—  I   ,')9  14.04 
— 0  02  05.51 


— 1  59  01. 

— 0  01  5H. 

—  1  59  01. 

— 0  01  5ti. 


% 


imo. 

1 

1 

s-s 

tu 

£ 

O 

P 

h.  m.     8. 

h.  m.   8. 

23  05  4a  02 

22  46  00. 26 

0  19  47.76 

23  12  24. 21 

22  52  :J6.  47 

47.74 

0  03  31. 91 

23  43  44. 38 

47.53 

0  10  36.  74 

23  50  49.26 

47.48 

23  58  24. 68 

23  38  36.  95 

47.73 

0  04  27.  64 

23  44  39.  96 

47.68 

0  03  47.  01 

23  43  .59.  46 

47.55 

0  10  32. 07 

23  50  44.  55 

47.  52 

0  00  39.  03 

2.3  40  51.  Tvl 

0  15  16.61 

23  55  29.  15 


0  30  52.  77 
0  '-0  04.  99 
0  51  .53.53 
0  32  05.  89 


> 

4 

^6 

S 

^^ 

« 

1 

a 

s 

0. 02     47. 750 


0.05  ;  A'.^r, 


47.  7X 


I 

I 

47.51  I 

47.46  i  0.05 

I 


47.  5.'- 


47.4" 


47.78 
47.64 


0.14  I  47.710 


Final  dillereiice  of  loii;;itiule:  Fort  Fred  Steile,  east  of  Salt  Lake,  0'*  19'"'  47".(Jia  ±  0',034. 
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40  56.5 
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-  2  26.  8      -r  2. 0 
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NOVEMBER  4,  1872. 
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25  68.0 
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17.0  ■ 

28.0  1 
8.0  . 
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44.0 
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42.0 
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35.0 

39.5 
40.0 
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8.0 
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43  11.4 
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42  5 
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ft256 
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4 
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43.9 
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38.4 
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1 

1 
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! 
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-11.0  1            .... 
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C) 
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'  Level  could  not  bo  read  on  reversal. 


Digitized  by  LjOOQ  IC 


562 


REPORT    OF    THE    CHIEF    OF    ENGINEERS. 


Observations  and  computations  for  latitude  of  Fort  Fred  SteelCy  Wyo. — Continued. 
NOVEMBER  4,  1872. 


r 

)?5 

11 

409 
441 

t.      d.    ' 
15  86. 0 
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46  50. 9  1    —  0    0.  9     —  9.  9  ; 
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39.7 

43.5 
43.6 


NOVEMBER  6,  1872. 


7623 
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19  58.0 
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7962 
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8237 
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*.ie2 


18  74. 2 
16  74.  8 
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31  41.0 
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27  45.0 
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6  13.5 
30  46.  0 
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12  57.  2 

2  41.0 
33  eU.  0 
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25  50.  3 
14  47.  0 
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10  62.0 
'M  65.  2 
12  58.  fr 


30.0 
11.0 


16.0 
48.0 


30.5 
33.5 


21.0 
35.0 

29.0 
15.0 
45.0 

35.  5 
34.5 

92.0 

33.0 
17.0 

31.5 
23.0 

23.6 
42.0 

32.0  I 
51.0  I 

28.0  ' 
57.  5  , 


31.0 
31.0 

B.'.  0 
2':.5 

:«•.  0 
y5. 0 


32.0 
51.0 


47.0 
15.5 


31.5 
28."6 


Mn8tbe32< 

(t) 


40.0 
20.0 

34.0 
48.0 
19.  0 

28.0 

29.0 


29.0 
45.0 


31.5 
39.0 


35.  5 
6.0  , 


I 


C) 


Relevelod . 


40.0 
20.0 
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12.0  i 


31.0    . 
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27.5 
36.0  I. 
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27.  5  , . 

I 


41  54  33.0 

47  43.  3 

57  6.0 
63  10.5 

45  36.  0 

45  8.4 

57  40.  5 
47  1.5 

—  7  3a8 


—  1    4.6 


—10  26.  9 
—16  31.  5 


+  1    2.0 


—10  50.  4 
—  0  21. 1 


54  10.  8  I    —  7  27.  5 
60  46.  9       —14    5. 1 


35    6.5  -ill  41.0 

51  15.  9  —  4  29. 7 

34    a7  :  -fl2  36.0 

49  47.  7  '  4-6  59. 0 

43  11.  6  I  +  3  28.  8 


39  44.  5  ;     +  6  43. 1 


30  15.  5 


49    4.1 

40  57.  0 


—11.5 


+  0.4  , 

+  1.2  I 
4-  1.2 


+  1.2 


+  1  34. 1     —  2. 


—10.4 
—  2.0  , 


—  3.4 

—  4.0 


—  6.6  '. 

—  6.6  '. 

—  4.4    . 

—  4.4    . 


+  1.3    .... 


+  12.6 


-t16  15.6      fl2.1 

—  2  24.  0  I  —  0. 2 
4    5  42.  9     —  0.  3 


t  No  Icvfl  taken. 


60  6.3  -13  27.8  —  0.3 
4f*  10.  6  —  1  31.  9  -r  1. 1 
59    3.  8       —12  26.  6      -i-  4. 1 

I 

*  Level  doubtful. 
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40.3 
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39.9 
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40.9 
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3l».  6 


3i».  H 

41.3 
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ObservatioHs  and  computdtlons  for  latitude  of  Fori  Fred  Stvile,  Wyo. — Continued. 

NOVEMBER  6.  1672. 
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27  1H.2 


23.5 
40.0 
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34.0 


29.0 
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38.0 
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26  44.0 
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+  0  54.8 
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Jiesulting  astronomical  co-ordinates. 

The  daily  results,  combining  the  observations  of  November  10, 18, 21,  and  26,  to  one  result,  will  be  : 

No.ofob8.  o     /       // 

November   4 31  4146  40.30 

6 27  40.18 

8 W  40.41 

12 28  39.99 

10, 18, 21,  and  26 24  40.00 

24 30  40.37 

27 36  40.42 

Giving  every  mean  the  same  weight,  the  linal  result  for  the  latitude  of  Fort  Fred  Steele  will  be: 

Latitude 41«>  46'  40".24  ±  0".05 

Longitude Ih.    7m.  47«.25  or  106    .56   48  .80  west  of  (rrwnwich. 

1     59      35  .13  or    29    53   47  .00  west  of  Washington. 
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LARAMIE. 

Longitiule—lOoO  35'  33".fi0  W. 
Latitude— 41-  18'  51''.8  -t  0''.08  N. 

At  Laramie,  a  point  in  an  open  lot  northeast  from  and  near  the 
railroad  depot  was  selected  as  the  station.  It  was  not  a  desirable  lo- 
cality, but  was  about  the  only  alternative  by  reason  of  the  position  of 
the  telegraph  wires.  There  was  no  possible  objection  to  the  position  so 
far  as  the  surface  of  the  land  was  concerned,  for  the  entire  vicinity  is 
but  a  gently  undulating  i)lain  ;  but  the  observatory  being  in  the  middle 
of  the  city,  the  vieAV  both  north  and  south  was  intercepted  at  short  dis- 
tances by  houses,  making  it  impossible  to  lay  out  any  extended  meridian 
line.  Laramie  stands  centrally  on  the  great  plateau  bearing  the  well- 
known  name  '*  Laramie  Plains,"  and  to  my  notion  is  the  most  inviting 
town  on  the  whole  transcontinental  route.  These  plains,  though  some 
7,000  feet  aboA^e  the  level  of  the  sea,  are  well  clothed  in  grass,  (but  des- 
titute of  other  forms  of  vegetation,)  and  watered  by  the  Laramie  River, 
which  flows  with  a  gentle  current  northerly  through  the  valley.  Mount- 
ains are  visible  to  the  right  and  left,  and  though  from  8,000  to  10,000 
feet  high,  appear  only  as  slight  ridges  and  low  peaks  from  this  elevated 
plateau. 

Meteorological — Two  weeks  of  December  were  spent  here,  and  -the 
meteorological  conditions  experienced  found  to  be  very  similar  to  those 
of  the  previous  month  at  Fort  Steele.  The  same  violent  dust  and 
snow-storms  prevailed,  and  though  not  quite  so  cold  as  it  had  been,  it 
was  not  possible  to  run  the  observatory  without  a  stove.  Here,  as  at 
Fort  Steele,  there  were  times  when  it  required  the  best  exertion  of  the 
observers  to  keep  the  observatory  and  all  its  appliances  from  being 
blown  away. 

Observatory, — The  observatory  consisted  of  a  hospitaktent — the  same 
that  was  used  at  Cheyenne.  The  assistants  were  also  the  same.  The 
operator  was  Mr.  Williams,  of  the  Western  Union  line. 

Instruments. — Precisely  the  same  as  were  used  at  Cheyenne  and  Fort 
Steele. 

Connections. — Connection  was  made  with  Salt  Lake  by  a  loop  into  the 
main  wire  of  the  Western  Union  line.  Some  observations  for  latitude 
were  made  on  each  of  the  nights  of  December  6,  7,  8,  11,  13, 15,  and  17. 
On  the  nights  of  the  9th,  12th,  and  IGth,  observations  for  time  were  made 
and  exchanged  with  Salt  Lake  for  difference  of  longitude.  Of  all  the 
stations  occupied  by  Assistant  J.  H.  Clark  this  has  proven  the  least  sat- 
isfactory, by  reason  of  smoke  and  dust,  and  the  near  vicinity  of  moving 
trains. 

Instrumental  values. — See  report  on  the  Cheyenne  station. 

Table  containing  the  corrections  of  chronometers  and  their  rales. 

Lailvmie. 

Correction  of  ,Salt  Lake  chronometer. 


1872. 

!  T^cal  Klde- 
1  real  time. 

Corroclion  of 
chronometer. 

Adopted 
rate. 

December  9 

1             h. 
.     .               2.2 

h.  m.    *. 
-0   1   34.73 
26.41 
-0   1    15.28 

h. 
0. 115 

Doceinb«*r  12 

1              1.0 

0.115 

December  16 

1.0 

0.116 

' 
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Correction  of  Laramie  chronometer. 
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GroHjnng  of  time  signals  and  corrections  and  resulting  longitudes. 
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Piiial  diliereuce  of  lougitude :  Laramie,  eajit  of  Salt  Lake,  0*'  25"*  12*.623±0\  008. 

Ohscrvations  and  computations  for  latitude  of  Laramie,  TTyo. 
DECEMBER  6,  1872. 
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Ohservatiom  and  comjmtations  for  latitude  of  Laramiej  IVyo. — Contiuued. 
DECEMBER  6,  1872. 
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OhsefThtions  and  computations  for  Jatitndv  of  Laramie^  TTyo.— Continued. 
DECEMBER  8,  1872. 
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Obitervat ions  and  computations  far  latitude  of  Laramie^  ^yo.— Continued. 
DECEMBER  11,  1872. 
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liesulting  astronomical  co-ordinates. 

The  following  table  contains  the  daily  moans  for  latitude : 

1872.  !No.  of  o1>8.      Mean  latitude  obtained. 

o    /       // 

December  6 18                       4118  52.43 

7 13  51.50 

8 24  5L93 

11 21  51.83 

13 17           .  fil.t*l 

15 40  51.46 

17 22  51.79 

The  mean  of  the  daily  results  gives  51".  82 ;  the  mean  of  all  observations  made,  51".  78. 

Adopt<-d  latitude 41°  18'  51".80  ±  0".O8 

Longitude 7*'    2«  22«.24  or  10.5°  35*  33". 60  west  of  Greenwich. 

1  54-  10«.  12  or    28°  32'  31".  80  west  of  WashinftoD 

The  followiDg  points  are  proposed  for  occupation  as  main  astronomical 
stations  during  the  field-season  of  1S74: 

1.  Las  Vegas,  N.  Mex. 

2.  Cimarron,  N.  Mex. 

3.  Sidney  Barracks,  Neb. 

4.  Julesburgli,  Keb. 

5.  Crossing  of  the  Union  Pacific  Railroad  by  the  one-hundredth  me- 
ridian, or  at  the  North  Platte  station,  Nebraska. 

The  aboA'e  will  be  sufiicieiit  during  the  coming  year  to  answer  all  the 
wants  experienced  in  checking  belts  of  triangles  to  be  extended  over 
the  area  to  be  surveyed,  and  will  continue  the  work  upon  the  astronom- 
ical base. 
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Tlie  usual  tield-astronoinical  observatious  will  be  kept  up,  in  accord- 
ance with  the  ehiborated  scheme  of  survey  determined  upon  lor  the 
proHecution  of  further  geographical  work  bv  the-  officers  in  executive 
charge  of  the  several  parties. 

GEOrETIC  AND  ASTRONOMICAL. 

The  character  of  the  observations  made  in  this  most  important  branch 
of  the  survey  has  been  improved  and  ])erfected  so  far  as  consistent  with 
the  policy  of  covering  large  geographical  areas  during  a  single  field- 
season.  The  problem  of  conducting  a  geographical  survey  over  mount 
ainous  areas  by  methods  at  once  thorough  and  rapid  presents  many 
grave  difficulties,  prominent  among  which  is  the  uncertainty  as  to  the 
extent  of  the  physical  obstacles  to  be  encountered.  The  present  organ- 
ization will,  however,  during  the  coming  season  prosecute  its  labors  in 
accordance  with  a  certain  plan  conditioned  upon  the  character  of  the 
several  portions  of  the  area  to  be  entered,  and  founded  upon  a  compre- 
hensive system  of  triangulation  developed  from  bases  whose  extremities 
and  azimuths  are  well  determined,  the  former  by  astronomical  methods. 
These  series  of  triangles  network  the  entire  area,  and  in  addition  thereto 
the  horizontal  and  vertical  values  of  the  drainage-lines  of  the  several 
main  and  sub  basins  are  determined. 

The  progress  of  the  geodetic  survey  of  the  character  proposed  is  some- 
what slower  than  by  the  methods  employed  prior  to  the  season  of  1873; 
but  when  confined  to  areas  of  the  public  domain  that  are  attracting 
attention  on  account  of  their  mineral  or  other  resources  developing,  and 
about  to  be  developed,  where  the  Indian  tribes  are  quiet,  the  decrease 
in  cost  because  of  the  smaller  number  of  persons  required  in  each  party 
for  reasons  of  safety  makes  apparent  the  fact  that  a  well-established 
policy  as  to  the  character  of  the  surveys  over  such  areas  may  be  reached. 
I  have  reason  to  believe  that  such  a  course  is  about  to  be  adopted,  and 
in  consequence  hereafter  some  of  the  parties  of  the  survey,  at  least, 
may  annually  be  sent  to  areas  not  occupied  by  hostile  Indians ;  while 
other  parties  may  be  directed  to  more  inaccessible  portions  of  mountain- 
territory,  where  reconnoissance- work  alone  is  required,  and  where  escorts 
will  be  needed. 

In  the  season  of  1873,  the  astronomical  coordinates  of  points,  and  the 
determination  of  meridional  lines  through  them,  were  determined  at 
Hughes',  Colorado  Springs,  and  Trindad,  Col.,  and  Fort  Union,  K  Mex.,  all 
on  the  eastern  base  of  the  Ilocky  Mountain  range,  and  a  series  of  tFlangles 
developed  from  bases  at  these  points  into  portions  of  Colorado,  New 
Mexico,  Eastern  Utah,  and  Eastern  Arizona.  The  labors  of  the  season 
of  1874  will  take  up  the  triangulation  at  the  points  where  it  was  left  in 
the  preceding  season,  for  the  purpose  of  completing  it  over  the  area 
extending  from  the  latitude  of  Denver  southward  to  the  thirty-second 
parallel.  The  several  belts  will  be  joined  to  a  number  of  points,  all  of 
which  are  along  nearly  the  same  meridian  east  of  the  Rocky  Mountain 
ridge.  The  bases  are  measured  by  compensated  steel  tapes,  referred  to 
a  standard,  and  a  sufficient  number  of  repetitions  made  to  guarantee  a 
small  probable  error.    The  azimuths  are  also  carefully  determined. 

At  the  extremities  of  the  developed  bases,  angular  measurements  are 
taken  to  the  most  prominent  points  of  the  adjacent  triangulation-bclt, 
which  points  are  natural  objects — usually  high  mountain-peaks. 

The  extension  of  the  triangulation  is  made  from  point  to  point  in 
accordance  with  the  plan  made  at  the  beginning  of  the  season,  and  the 
azimuth  of  at  least  one  side  of  every  triangle  determined. 
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"VVitliin  the  main  or  principal  triangles  there  is  measured  a  series  of 
minor  triangles,  covering  the  entire  mountain-area,  checkedlatitudinally 
at  specified  points.  The  checks  used  for  the  remaining  detailed  opera- 
tions of  the  survey  are  by  latitudes  along  the  meanders,  and  by  the 
connection  of  station-points  with  three  or  more  main  or  prominent  points 
within  the  horizon  of  each.  The  belts  of  triangles  are  further  controlled 
by  interior  check-bases  at  distances  not  exceeding  one  hundred  and  fifty 
miles  from  the  primary  astronomical  point.  By  these  methods,  forty- 
four  main  triangulation-points  were  occupied  in  New  Mexico  and  Ari- 
zona and  thirty-six  in  Colorado  during  the  season  of  1873. 

When  the  connection  is  made  between  the  two  sets,  their  publication 
will  indicate  the  character  of  the  results,  which  have  so  far  proven  very 
satisfactory,  since  the  geographical  position  of  most  of  the  points  useil 
could  not  be  sufficiently  ascertained  in  advance  to  always  insure  cer- 
tainty as  to  resulting  well-conditioned  triangles. 

A  part  of  the  topographic  work  of  1873,  especially  that  in  Colorado, 
demands  a  representation  upon  a  scale  of  one  inch  to  four  miles,  because 
of  the  intricate  ch-aracter  of  the  several  drainage-lines  within  the  Rocky 
Mountain  system.  This  will  in  no  wise  interfere  with  the  regular  anil 
systematic  plan  proposed  for  the  atlas  of  the  region  west  of  the  one  hun- 
dredth meridian.  Since  the  final  publication  of  the  same,  may  be  made 
upon  a  scale  of  one  inch  to  eight  miles. 

The  remarkably  fruitful  results  from  the  topographical  work  of  the  past 
season  are  a  matter  of  much  congratulation  to  me,  since  the  several  areas 
were  widely  distributed  and  the  different  points  of  departure  compara- 
tively remote.  Certain  of  the  topographical  assistants,  too,  were  inex- 
perienced; yet,  notwithstanding  all  this,  and  the  multitude  of  physical 
obstacles  constantly  in  the  path  of  each  one  of  the  parties,  the  area 
covered  has  been  notably  large,  and  almost  equal  to  that  of  the  season 
of  1871,  when  it  was  principally  by  recounoissance- methods  that  the 
results  were  obtained. 

It  has  been  alone  due  to  the  untiring  vigilance  of  the  officers  iu  charge 
and  the  industry  of  the  several  topographical  assistants  that  the  mate- 
rial for  the  important  contributions  to  the  geography  of  so  large  a  part 
of  oar  western  interior  has  been  gathered. 

3IETE0R0L0GICAL  BRANCH. 

The  general  method  of  the  previous  seasons  has  been  followed  during 
that  of  1873.  Hourly  observations  have  been  taken  at  the  primary 
astronomical  stations  with  the  cistern-barometer,  psychrometer,  and  ane- 
mometer. As  many  cistern-barometers,  aneroids,  and  psychrometers 
as  could  be  used  to  advantage  have  been  distributed  among  the  different 
ent  field-parties,  and  a  system  of  observation  has  been  so  adapted  to 
camps,  triangulation,  topographical,  and  other  stations,  as  to  insure 
the  determination  of  the  greatest  possible  number  of  altitudes.  The 
record  of  all  these  observations,  up  to  the  close  of  the  field-season  of 
1873,  has  been  transcribed  upon  computation-sheets,  corrected  and  re- 
duced, and  the  computation  of  altitudes  is  going  forward. 

It  is  proposed  to  group  these  altitudes,  in  accordance  with  the  main 
topographical  features  of  the  country,  in  tables,  which  will  api)ear  in 
volume  3  of  the  series  of  publications. 

The  contents  of  this  volume  w41l  be — 

1st.  A  synopsis  of  the  general  plan  for  meteorological  observations, 
the  methods  of  reduction  and  computation,  and  the  application  of  the 
results. 
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2(1.  The  tables  of  aUitiules,  with  geueral  description  of  the  locality 
of  each  group. 

3(1.  Contour-maps  of  the  atlas-sheets,  with  the  curves  at  such  inter- 
vals of  altitude  as  are  warranted  by  the  results  in  barometric  hypsome- 
tr\',  in  conjunction  with  the  elevations  and  vertical  divstanees  determined 
by  the  topographers. 

4th.  Tables  and  plates  deduced  from  the  hourly  observations  at  the 
astronomical  stations.  These  will  comprise  the  abnormal  and  horary 
oscillations,  and  the  changes  in  temperature  and  humidity  of  the  atmos- 
phere, with  their  effect  upon  the  mercurial  column. 
•  With  these  will  be  published  all  facts  that  have  been  observed  con- 
cerning the  climate  and  climatal  oscillations,  with  a  description  of  the 
physical  geography  of  the  region  of  territory  surveyed. 

This  branch  of  the  survey  is  indebted  to  the  cordial  co-operation  of 
the  United  States  Signal-Service. 

It  has   not  been  i)racticable,  with  the  limited  force  that   could  be 
employed  in  working  up  the  meteorological  observations,  to  prepare  this  * 
matter  for  publication;  but,  as  time  can  be  spared  from  other  branches, 
this  will  gradually  be  brought  forward. 

Being  an  auxiliary  to  the  other  branches  of  the  survey,  it  is  in  all 
respects  subordinate  to,  and  most  of  its  results  incorporated  with,  them. 

GEOLOGICAL  BRANCH. 

Pour  professional  geologists  have,  for  different  periods,  been  employed 
to  accompany  the  several  geographical  parties  and  examine  the  struc- 
ture of  the  region  traversed.  Of  these,  Mr.  G.  K.  Gilbert  was  engaged 
in  1871,  and  has  continued  with  the* survey  up  to  the  present  time; 
Mr.  A.  R.  Marvine  was  employed  during  a  portion  of  the  first  year 
only  f  Mr.  E.  E.  Howell  during  the  second  and  third,  and  Prof.  J.  J. 
Stevenson  during  the  third  year. 

In  1871,  Mr.  Gilbert  traveled  mostly  with  the  main  field-party,  cross- 
ing portions  of  Nevada,  California,  and  Arizona,  and  making  the  voyage 
of  the  Colorado.  Mr.  Marvine,  who  spent  but  two  months  at  geological 
work,  began  his  observations  at  St.  George,  Utah,  and  continued  them, 
via  Prescott,  Camps  Verde,  and  Apache,  to  Tucson,  Ariz. 

The  succeeding  year,  Messrs.  Gilbert  and  Howell  were  emploj-ed  prin- 
cipally in  Western  and  Southern  Utah ;  but  their  examinations  also 
reached  into  Eastern  Nevada  and  Northern  Arizona. 

For  the  greater  portion  of  the  season  Mr.  Gilbert  accompanied  Lieu- 
tenant Iloxie,  and  Mr.  Howell  the  main  division;  but,  upon  the  return- 
march,  Mr.  Howell  joined  Lieutenant  Hoxie's  party,  while  Mr.  Gilbert 
was  detached,  and  traveled  alone  by  way  of  the  valley  of  the  Sevier  to 
the  final  rendezvous  at  Salt  Lake  City. 

In  1873,  Mr.  Howell  accompanied  Lieutenant  Hoxie  throughout  the 
season,  spending  the  earlier  portion  of  it  in  Southern  Central  Utah,  and 
the  latter  in  Western  New  Mexico;  Mr.  Gilbert  traveling  with  divisions 
of  the  main  party  in  New  Mexico  and  Eastern  Arizona,  and  Professor 
Stevenson  with  the  party  commanded  by  Lieutenant  Marshall  in  Colo- 
rado. 

In  all  cases  the  geologists  were  assigned  to  separate  topographical 
parties,  and  their  routes  arranged,  so  as  to  give  them  opportunity  to 
ac(iuire  the  most  comprehensive  ideas  of  the  character  of  the  country, 
and  to  obtain  the  fullest  collection  of  data  in  a  little-known  region. 

To  get  a  right  understanding  of  the  results  of  their  work,  it  is  neces- 
sary to  appreciate  a  broad  distinction  that  exists  between  two  regions 
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of  country  that  were  entered.  Almost  the  entire  region  included  be- 
tween ''the  Plains-'  and  the  Pacific  Ocean  is  mountainous ;  that  is,  tlie 
rocks  w  hich  are  its  foundation  are  bent  and  broken  and  uplilled  into 
ridges,  which  ridges  are  mountain  ranges.  But  there  is  one  exceptional 
area  in  which  the  beds  of  rock  lie  level,  or  nearly  so,  and  this  w  as  named 
by  myself  in  the  year  1871  the  "  Colorado  Plateau"  region.  In  its  gen- 
eral features,  it  contrasts  very  strongly  with  the  surrounding  mount- 
ain country.  It  consists  of  a  system  of  tables,  in  places  rising  above 
each  other  in  step-like  order,  and  elsewhere  divided  by  narrow,  deep, 
and  often  impassable  gorges.  A  large  portion  of  this  region  is  drained 
by  the  Colorado  and  its  tributaries,  but  other  parts  send  their  waters 
to  the  Sevier  Desert  and  via  the  Rio  Pecos  to  the  Rio  Grande. 

Of  the  political  divisions,  it  comprises  portions  of  Utah,  Colorado, 
Arizona,  and  New  Mexico,  and  its  physical  boundaries  are  the  Uintah 
Mountains  at  the  north,  the  Rocky  Mountains  at  the  east,  and  at  the 
west  and  south  the  regions  of  the  Cordilleras. 

Through  the  labors  of  the  topographers  and  geologists,  the  general 
dimensions  of  this  area  are  now  for  the  first  time  known,  and  its  west- 
ern, southern,  and  southeastern  boundaries,  making  a  line  000  miles 
long,  are  drawn  ^on  the  map. 

Within  it  are  exceptional  opportunities  for  the  study  of  certain  special 
geological  subjects,  and  to  these*  their  attention  has  been  turned.  One 
of  them  is  that  of  erosion  by  running  water,  which  finds  its  superlative 
expression  in  the  canons  of  the  Colorado,  and  is  there  contrasted  with 
erosion  by  rain  and  compared  with  erosion  by  drifting  sand. 

Another  subject  is  that  of  the  origin  of  mountains;  for,  although  the 
plateaus  are  distinctively  not  mountains,  they  contain  certain  simple 
dislocations  which  are  the  ge»ms  of  mountains,  and  bear  the  same 
relation  to  dynamical  geology  that  embryos  bear  to  biology.  These 
dislocations  are  faults  and  simple  folds,  and  they  have  been  traced  and 
studied  for  hundreds  of  miles. 

Another  subject  to  which  great  attention  has  [)erforce  been  given  is 
that  of  volcanic  phenomena. 

Every  State  and  Territory  west  of  the  plains,  every  physical  division 
the  Rocky  Mountains,  the  Plateaux,  the  Cordilleras,  are  crowded  with  the 
products  of  volcanic  action,  ancient  and  modern.  JBardly  a  mountain 
range  lacks  them. 

The  largest  consecutive  areas  without  them  are  among  the  plateanx ; 
but  in  that  same  province,  also,  are  some  of  the  largest  lava-fields. 

In  Southern  Utah  there  are  connected  floods  of  lava,  covering  an  area 
of  5,000  square  miles ;  and  of  this  area  the  geologists  of  the  expedition 
have  obtained  data  for  geological  maps. 

They  have  also  approximately  defined  the  limits  of  a  similar  area  in 
Arizona  and  New  Mexico  not  less  than  20,000  square  miles  in  extent, 
and  never  before  recognized  as  a  connected  belt. 

Of  the  conclusions  which  they  draw  from  their  accumulation  of  vol- 
canic data,  one,  at  least,  is  of  general  interest,  namely :  that  eruptions 
in  our  w^estern  territory  will  be  again  resumed,  which  occurrences  may 
take  place  at  any  time.  In  the  past,  they  have  occurred  so  recently 
that  it  is,  indeed,  sur])rising  that  there  is  no  human  record  of  them. 

The  distribution  of  the  geological  formations  has  been  made  out  with 
a  good  degree  of  accuracy  in  the  poiHions  of  the  plateau  country  and 
Rocky  Mountains  that  have  been  examined ;  but  in  the  region  of  the 
Cordilleras  less  has  been  accomplished,  for  the  reason  that  all  relations 
there  are  more  complicated  and  no  strata  can  be  traced  continuously  for 
fireat  distances.  Among  the  contributions  to  stratigraphical  knowledge 
are  the  determination  of  the  Tertiary  age  of  the  Sam  Pitch  coaJs  of 
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Utah,  of  the  Cretaceous  age  of  the  coals  of  Castle  Valley  and  Sojithern 
Utah,  and  of  the  Cretaceous  age  of  the  disputed  co^l-series  of  Colorado. 
Tertiary,  Cretaceous,  Jurassic,  Carboniferous,  and  Silurian  rocks  have 
been  identified  by  fossils  in  Utah,  and  all  of  these  but  the  Jurassic  in 
New  Mexico ;  in  Colorado  and  Arizona,  Cretaceous,  Carboniferous,  and 
Silurian ;  in  N^evada,  Jurassic,  Carboniferous,  and  Silurian ;  and  in  South- 
ern California,  Carboniferous  and  Silurian. 

The  age  (heretofore  in  doubt)  of  the  shale  and  sandstone  at  the  base 
of  the  series  of  strata  exposed  in  the  Grand  Caiion  of  the  Colorado  has 
been  ascertained  to  be  primordial. 

Of  special  subjects  of  study,  one  of  the  most  interesting  has  been  that 
of  the  glacial  epoch.  The  southern  limit  of  the  ancient  system  of  gla- 
ciers has  been  ascertained  through  the  entire  extent  in  longitude  of  the 
survey,  and  an  attentive  examination  has|been  made  of  the  record  of  au 
expansion  of  Great  Salt  Lake,  which  occupied  the  valleys  of  Utah,  while 
its  highest  mountain-gorges  were  choked  with  ice. 

The  elaboration  of  these  results  into  reports  for  publication  has  occu- 
pied the  geologists  during  the  winter-months. 

The  report  of  Mr.  Mar  vine  is  in  manuscript,  ready  for  the  press,  and  the 
same  may  be  said  of  the  report  of  Mr.  Gilbert  for  the  field-work  of  the  sea- 
sonsofl871  and  1872,and  of  that  of  Mr.  Howell.  A  portion,  however,  of  the 
notes  of  the  latter  gentleman  have  been  put  into  the  hands  of  Mr.  Gil- 
bert to  combine  with  some  closely-related  examinations  of  his  own,  and 
embody  in  the  report,  upon  which  he  is  now  engaged,  of  his  examina- 
tions in  1873. 

Professor  Stevenson  has  completed  and  submitted  his  report,  with  the 
exception  of  a  single  chapter.  The  whole  will  fill,  when  printed,  about 
350  quarto  pages. 

In  the  preparation  of  these  reports,  the  itinerary  form,  so  easy  to  write, 
but  so  inconvenient  for  use,  either  by  the  general  reader  or  by  the  future 
student  in  the  same  field,  has  been  avoided,  and  all  the  material  pre- 
sented has  been  thoroughly  classified.  .  Facts  of  common  character  have 
been  brought  together,  and  where  their  importance  warranted,  have  been 
briefly  discussed  in  their  relations  to  each  other  and  to  cognate  facts 
in  other  fields ;  and  it  is  believed  that  the  arrangement  is  such  that  the 
various  data  will  be  readily  accessible  to  those  who  shall  have  occasion 
to  use  it. 

An  atlas  of  geological  maps  is  in  preparation,  to  accompany  the 
reports. 

The  general  facts  of  rock-distribution  are  to  be  indicated  by  colors  laid 
upon  the  topographical-atlas  sheets,  and  special  maps  will  be  constructed 
to  illustrate  some  other  features,  such  as  the  distribution  of  glacial  phe- 
nomena and  of  thermal  springs. 

The  illustrations  with  the  text  will  consist  of  fourteen  plates,  derived 
chiefly  from  photographs  of  peculiar  geological  features,  and  of  a  large 
number  of  wood-cuts,  the  major  part  of  which  are  now  drawn. 

The  wood-cuts  are  chiefly  diagrams  and  sections  representing  rock- 
structure,  and  are  strictly  explanatory  of  the  text. 

The  geological  collections  (without  including  the  fossils  and  ores) 
number  2,700  specimens.  One  of  their  chief  uses  has  been  already  sub- 
served in  enabling  the  geologists  to  study,  during  the  preparation  of 
their  reports,  peculiarities  of  texture  and  composition  that  could  not 
receive  full  attention  in  the  field ;  but  a  larger  portion  of  them  have  a 
permanent  value  also  as  material  for  special  lithological  study. 

It  is  hoped  that  at  some  future  day  the  volcanic  rocks,  which  out- 
number all  others  in  the  collection,  can  be  placed  in  the  bands  of  a  com- 
petent specialist  for  study,  f  -  ^^^  i ^ 
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PALEONTOLOGY. 

The  fossils  number  4,500  specimens,  and  come  from  all  portions  of  the 
area  examined.  Tliey  have  had  their  first  (geological)  use  in  identify- 
ing the  several  formations  in  a  great  number  of  localities,  and  promise 
to  reward  richly  their  paleontological  study.  A  preliminary  examina- 
tion has  been  made  of  the  invertebrates  by  Mr.  F.  B.  Meek,  the  paleon- 
tologist, and  upon  his  judgment  an  estimate  has  been  made  of  150  quarto 
pages  of  text  and  30  plates  for  the  description  of  the  new  forms. 

The  vertebrate  remains,  including  bones  of  mastodon,  horse,  cameU 
rhinoceros,  &c.,  have  been  submitted  to  Prof.  O.  C.  Marsh,  who  will 
report  upon  them. 

The  collections  were  made  by  the  geologists  and  mineralogists  of  the 
expedition,  and  by  Assistant  George  M.  Keasby,  who  accompanied  one 
of  the  parties  in  New  Mexico  in  the  last  season  with  the  special  errand 
of  gathering  vertebrate  remains. 

MINERALOGY. 

During  the  field-season  of  1871,  Acting  Assistant  Surgeon  W,  J. 
Hoffman  accompanied  the  expedition  as  naturalist  and  mineralogist, 
and  in  1873  Dr.  O.  Loew  joined  the  survey  as  mineralogist  and  chemist. 

Besides  the  collections  of  these  gentlemen,  a  great  many  specimens  of 
minerals  and  especially  of  ores  have  been  gathered  by  the  officers  in 
charge  of  parties  and  by  the  geologists. 

The  entire  accumulation  numbers  1,600  specimens.  Dr.  Loew  has 
prepared  a  report  to  be  included  in  the  geological  volume,  comprising, 
with  a  resume  of  the  results  of  previous  years,  a  full  account  of  his 
chemical  and  other  investigations.  It  is  now  ready  for  the  press,  will 
fill  45  pages,  and  includes — 

1.  A  report  on  the  agricultural  capacities  and  lands  of  portions  of 
New  Mexico  and  Arizona,  with  notes  on  the  geographical  distribution  of 
plants,  and  on  several  cosmical  phenomena. 

2.  The  analyses  of  all  mineral  springs  encountered,  of  saline  eflflo- 
rescences  and  incrustations ;  also  analyses  of  soils  and  plants,  of  coal- 
specimens,  ores,  kaolins,  and  of  a  fossil  resin  hitherto  unknown. 

3.  A  description  of  the  volcanic  rocks  of  New  Mexico  and  Arizona, 
with  numerous  analyses.  In  some  of  these  rocks,  cobalt  and  nickel  were 
found,  an  occurrence  heretofore  not  observed. 

4.  Tables  comprising  the  minerals  collected,  their  occurrence  in  Ne- 
vada, Utah,  Arizona,  New  Mexico,  and  Colorado.  These  comprise  the 
collections  of  the  last  foui*  years,  and  are  arranged  after  the  chemical 
system  of  Professor  Dana. 

Numerous  mining-districts  in  Colorado  and  New  Mexico  were  visited, 
the  ores  and  their  geological  occurrence  described,  and  specimens  col- 
lected. 

In  Colorado,  especial  attention  was  paid  to  the  mines  of  Gold  Hill^ 
Central,  and  Georgetown. 

The  predominating  ores  of  Gold  Hill  are  the  tellurides  of  gold,  sil- 
ver, and  lead;  those  of  Central,  auriferous  pyx ites ;  those  of  George- 
town, argentiferous  galena. 

The  principal  gold-mines  of  New  Mexico  are  situated  in  the  Placer 
Mountains,  30  miles  south  of  Bauta  F6,  where  the  precious  metal  is 
found  free  in  placers  as  well  as  in  iron-pyrites. 

The  chief  silver-mines  noted  in  this  Territory  «ire  those  at  Silver  City 
and  Fort  Bayard,  where  chloride  of  silver  occurs  in  gypsum  and  slate^ 


Digitized  by  VjOOQ  IC 


./ 


Digitized  by  LjOOQ  IC 


•••««*.^ 


Digitized  by  LjOOQIC 


REPORT   OP   THE    CHIEF    OF    ENGINEERS.  583 

associated  frequently  With  cerassite,  galena,  and  malachite.  These  ores 
are  chiefly  deposits,  no  true  fissure- veins  haviucr  as  yet  been  developed. 
Similar  ores  occur  on  the  Sierra  Madalena,  (Socorro  mines,)  together 
with  frequent  deposits  of  argentiferous  cerassite. 

True  fissure-veins  of  argentiferous  galena  occur  at  La  Joya  on  the 
Rio  Grande  Extension,  and  valuable  coppermines  are  worked  in  the 
Burro  Mountains,  at  Santa  Rita,  and  on  the  Rio  San  Francisco  m  Arizona. 

Silicate,  carbonate,  red  oxide,  and  sulphide  of  copper  are  the  princi- 
pal forms  in  which  the  copper  is  encountered.  Colorado  and  New  Mex- 
ico abound  in  mineral  springs.  These  springs  may  be  classified,  as  to 
their  thermal  conditions,  into  hot  and  cold,  or,  according  to  their  prom- 
inent  compounds,  into  soda,   iron,   salt,  sulphur,  lime,  and  siliceous 

springs.  _        .       .     ,   .  i    *  i- 

Hot  salt-springs  occur  on  the  Rio  San  Francisco  m  Arizona ;  hot  lime 

and  soda  springs  at  Ojos  Calientes  on  the  Jemez  Creek,  New  Mexico  ; 

cold  soda  springs  at  Canon  City,  Col. ;  iron  springs  on  the  Arkansas 

River  (Carlisle),  and  in  the  Greenhorn  Mountain  Range  a  sulphur-spring. 
Spectroscopic  investigations  have  always  been  combined  with  the 

analysis,  and  thus  the  presence  of  lithia  was  detected  m  most  of  the 

classes  of  springs  above  mentioned. 

NATURAL  HISTORY  BRANCH, 

The  force  at  disposal  has  been  directed  with  a  view  to  the  accom- 
plishment of  the  largest  possible  results,  which  have  proven  entirely 
satisfactory. 

Considering  the  character  and  extent  of  the  area  entered,  the  attend- 
ant expense  has  been  com])aratively  small. 

The  subjoined  report  from  Acting  Assistant  Surgeon  H.  C.  Yarrow, 
U.  S.  Army,  sets  forth  the  objects,  operations,  and  results  more  fully. 

report  of  acti^a  assistant  surgeon  h.  c.  yarrow,  u.  s.  akmy. 

United  States  Engineer  Office, 
Geograpuioal  Explorations  and  Surveys 
West  of  the  100th  Meridian, 
Washingtouj  J).  C,  June  30,  1874. 

Sir:  I  have  the  honor  to  submit  the  following  brief  rhuinS  of  the 
results  of  operations  in  the  branch  of  natural  history  of  the  survey  under 
your  charge,  during  the  past  year,  introducing  incidentally  facts  bear- 
ing upon  the  results  of  the  two  previous  years. 

Such  a  sketch  would  appear  particularly  desirable  at  this  time,  since 
as  yet,  excepting  in  two  instances,  the  natural-history  branch  has  been 
unable  to  publish  either  notes  or  descriptions  of  the  specimens  collected 
and  studied  during  the  period  in  question,  notwithstanding  many  hun- 
dred pages  of  manuscript  have  long  been  prepared. 

The  general  plan  for  studying  the  natural  history  of  the  Western  Ter- 
ritories has  been  to  collect  everything  calculated  to  throw  any  light  on 
the  subject  and  add  to  our  somewhat  limited  knowledge  of  the  geographi- 
cal distribution  of  animals  and  plants,  and  afterward  to  submit  such 
collections  to  specialists  for  study,  and  a  report  of  the  results  of  their 
investigations;  the  specimens  finally  being  presented  to  the  National 
Museum  at  the  Smithsonian  Institution,  by  which  establishment  they 
are  distributed  to  different  institutions  of  a  similar  character  through- 
out the  world. 
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For  the  last-inentioued  reason,  therefore,  especial  attention  has  been 
directed  to  procure  duplicates,  in  order  that,  instead  of  onr  industry 
appearing  selfish,  numbers  of  learned  institutions  might  partake  of  the 
knowledge  thus  acquired. 

Some  years  since  it  was  held  that  the  possession  of  scientific  acquire- 
ments shouhl  be  only  for  a  favored  few  ;  but  at  the  present  day  more 
thorough  systems  for  the  dissemination  of  scientific  knowledge  have  been 
inaugurated. 

To  the  corps  under  whose  auspices  this  expedition  was  projected,  and 
is  still  carried  on,  is  due,  to  a  great  degree,  the  popularization  of  the  study 
of  natural  history  in  this  country. 

The  operations  of  the  natural-history  branch  of  this  survey  may  be 
briefly  stated  as  follows : 

Ini871,the  services  of  Dr.  W.J.  Hoffman,  U.S.  Army,  andMr.Ferdi- 
nand  Bischoff  were  secured,  the  former  as  surgeon  and  naturalist,  the 
latter  as  collector,  by  whose  joint  efforts  many  hundredsof  specimens  were 
secured  in  zoology  and  botany,  among  which  were  quite  a  number  hith- 
erto unknown  to  science.  Of  this  collection,  the  botanical  portion  was 
placed  in  the  hands  of  Prof.  Sereno  Watson,  of  Cambridge,  who  kindly 
named  the  new  species,  and  submitted  a  report  upon  the  collection,  which 
has  been  received,  and  will  prove  a  valuable  contribution  to  our  knowl- 
edge of  the  flora  of  the  interesting  section  of  country  visited. 

The  mammals  collected  have  been  reported  upon  by  Dr.  Hoffman ;  the 
birds,  by  Mr.  Kidgway  of  the  *  Smithsonian,'  Mr.  Henshaw,  and  myself; 
the  reptiles  and  fish,  by  Prof.  E.  D.  Cope  and  myself;  and  the  insects,  of 
which  many  thousands  were  secured,  by  Mr.  Ulke,  Professor  Thomas, 
Professor  Uhler,  and  others.  In  addition  to  those  received  at  this  office, 
many  other  specimens  were  collected,  which,  however,  unfortunately, 
were  either  lost  in  transit  from  the  West  or  destroyed  in  the  great  Chi- 
cago fire. 

The  collection  of  1871,  while  not  as  large  as  either  that  ofl872  or  1873, 
is  extremely  interesting,  from  the  fact  that  many  of  the  rarer  forms  of 
zoological  life  were  met  with  as  well  as  important  data  obtained  rela- 
tive to  their  general  distribution  and  occurrence.  This  entire  collection 
has  been  deposited  in  the  National  Museum. 

In  1872,  recognizing  the  great  value  of  the  collections  already  made 
by  the  Engineer  Corps  of  the  Army,  and  being  assured  that  to  the  scien- 
tific world  researches  in  natural  history,  especially  on  our  western  fron- 
tier, would  add  greatly  to  our  knowledge  of  the  zoology  of  that  region, 
you  permitted  unusual  facilities  for  the  prosecution  of  such  labor,  the 
results  proving  the  wisdom  and  foresight  of  such  a  course,  since  a 
collection  was  made  seldom  rivaled  by  that  of  any  similar  expedition 
having  but  two  collectors. 

It  is  but  proper,  however,  to  add  that  several  of  the  members  of  the 
survey  contributed  largely  to  the  general  stock  of  specimens. 

In  this  collection  there  were  about  eight  hundred  bird-skins,  most 
of  them  rare  and  valuable;  a  large  number  of  mammals;  several  hun- 
dred fish,  of  which  no  fewer  than  sixteen  species  were  new  to  science; 
and  many  reptiles,  insects,  shells,  plants,  &c.,  embracing  in  all  probably 
5,000  specimens.  Not  the  least  important  specimens  in  the  collection 
were  a  number  of  Indian  crania,  obtained  at  considerable  risk  from  the 
Ute  burial  places  and  ancient  mounds  in  the  valley  of  the  Great  Salt 
Lake,  as  well  as  numerous  implements,  both  ancient  and  modem,  used 
by  the  aborigines. 

This  entire  collection  has  been  apportioned  among  eminent  special- 
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ists  for  determination,  most  of  whom  have  aheady  reported,  their  man- 
uscripts awaiting  publication.- 

The  mammals  have  been  identified  and  reported  upon  by  myself;  the 
birds,  by  Mr,  Henshaw  and  myself,  with  the  assistance  of  Mr.  Eidgway, 
of  the  Smithsonian  Institution ;  the  reptiles  and  fishes,  by  Prof.  E.  D. 
Cope  and  myself;  the  insects,  by  Mr.  Ulke,  Professor  Uhler,  Professor 
Cresson,  Dr.  Hageu,  Baron  Osten-Sacken,  Professor  Thomas,  and  Mr. 
Edwards;  and  the  shells  by  Mr.  G.  W.  Tryon,  jr.,  of  the  Philadelphia 
Academy  of  Natural  Sciences. 

The  botanical  collection  has  been  worked  up  by  Prof.  Sereno  Wat- 
son, of  Cambridge,  who  had  charge  of,  and  reported  upon,  the  collection 
of  1871. 

The  Indian  crania  have  been  forwarded  to  the  Army  Medical  Museum, 
apd  we  are  assured  by  the  officer  in  charge  that  the  donation  is  a  val- 
uable one. 

In  1873,  the  natural-history  party  was  enabled  to  take  the  field  early, 
and,  through  the  indefatigable  exertions  of  the  collectors,  results  were 
secured  even  exceeding  those  of  the  previous  year ;  the  official  record 
showing  the  following  number  of  specimens : 

''  Seven  Indian  crania. 

<'  One  hundred  and  sixty  mammals. 

*'  One  thousand  and  two  hundred  bird-skins. 

*'  Five  hundred  birds  eggs. 

"  Twenty-five  birds  nests. 

**  Fifty  birds  crania,  skeletons,  and  sterna. 

"  One  hundred  and  forty-five  reptiles. 

"  Five  hundred  and  five  fish. 

"  Five  hundred  beetles,  (Coleopfera,) 

^*  One  hundred  and  fifty  butterfiies,  (Lepidoptera.) 

'*  Five  hundred  grasshoppers,  i^Orthoptera.) 

"  Thirteen  lots  of  flies,  {Bipiera.) 

^'  Thirteen  lots  of  bugs,  (Hemiptera,) 

"  Twelve  lots  of  worms,  leeches,  larvae,  &c. 

"  Seven  lots  of  ants,  (Formica.) 

^*  Fifty-five  lots  of  shells,  land  and  frcvsh-water. 

''  Twenty-four  lots  of  dragon-flies,  {Neuroptera.) 

"  Twenty-eight  lots  of  bees  and  wasps,  {Hymenaptera.) 

"  Twenty-six  lots  of  spiders,  scorpions,  &c.,  {Arachnida.) 

"  Fifteen  thousand  plants,  embracing  at  least  one  thousand  and  five 
hundred  species.'' 

This  collection  contains  many  new  as  well  as  many  rare  species, 
seldom  to  be  found  in  public  museums.  As  in  former  years,  the  plan 
has  been  continued  of  distributing  the  specimens  to  eminent  scientists, 
and  from  the  majority  of  these  gentlemen  reports  have  already  been 
received  and  are  now  ready  for  printing. 

Thanks  are  due  to  the  following  gentlemen,  who  have  so  kindly  aided 
in  many  ways,  in  every  case  giving  their  valuable  services  gratuitously 
to  the  elucidation  of  scientific  material  connected  with  the  expedition, 
viz:  Prof.  Joseph  Henry,  Prof.  S.  F.  Baird,  Prof.  E.  D.  Cope,  Prof.  S. 
A,  Allen,  Prof.  A.  E.  Yerrill,  Prof.  O.  C.  Marsh,  Dr.  H.  Allen,  Dr.  H. 
Wood,  jr.,  Dr.  George  A.  Otis,  U.  S.  A.,  Dr.  J.  J.  Woodward,  U.  S.  A., 
Prof.  A.  Agassiz,  Dr.  H.  A.  ITagen,  Mr.  W.  H.  Edwards,  Mr.  Theodore 
L.  Mead,  Dr.  P.  H.  Uhler,  Mr.  H.  Ulke,  Prof.  Cyrus  Thomas,  Prof. 
Townend  Glover,  Mr.  Kobert  Kidgway,  Mr.  G.  Browne  Goode,  Prof.  E. 
T.  Cresson,  Mr.  W.  G.  Binney,  Mr.  G.  W.  Tryon,  jr..  Prof.  Sereno  Wat- 
son, Mr.  George  Thurber,  Prof.  Thomas.  P.  James,  Dr.  George  Vasey, 
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Baron  Osteu-Sackeu,  Mr.  G.  N.  Lawrence,  Mr.  Thomas  Bland,  Prof.  S» 
Olney,  Mr.  E.  H.  Stretch,  Mr.  Aug.  11.  Qrote,  Dr.  William  Holdeu,  Mr. 
Edward  Norton,  Dr.  Elliott  Cones,  U.  S.  A.,  Prof.  Asa  Gray,  Mr.  J.  H. 
Milner,  Dr.  A.  S.  Packard,  jr.,  Mr.  S.  0.  Scudder,  and  others. 

In  conclusion,  I  beg  leave  to  express  thanks  for  the  great  interest 
manifested  in  this  branch  of  the  work  committed  to  your  charge  as 
well  as  for  the  facilities  you  have  always  afforded  for  making  collections. 
With  the  hope  that,  as  in  the  past,  the  future  may  find  you  alive  to 
the  importance  of  the  natural-history  wants  of  the  period,  I  have  the 
honor  to  be,  very  respectfully,  your  obedient  servant^ 

H.  C.  Yarrow, 
Surgeon  and  XaturaUst  to  Expedition. 
Lieut.  G.  M.  Wheeler, 

Corps  of  Engineers^  U,  8,  Ar7ny. 

PHOTOGRAPHS. 

As  heretofore,  a  photographer  has  accompanied  the  expedition,  follow- 
ing a  route  from  Santa  F6  westward,  via  Fort  Wingatej  thence  to  Camp 
Apache,  and  the  vicinity  of  the  Sierra  Blanca  range,  Arizona;  thence 
northward,  via  old  Fort  Defiance,  Moquis  Pueblos,  and  theCanousof  the 
Colorado. 

A  great  variety  of  negatives,  of  which  a  few  prints  have  been  taken, 
were  secured,  illustrative  of  natural  scenery,  the  habits  and  customs  of 
the  Indian  tribes,  ancient  ruins,  &c. 

During  the  season,  the  executive  officers  of  parties  have  gained  valua- 
ble experience  in  the  subjects  of  observation  intrusted  to  their  charge. 

The  property,  purchasing  and  disbursing  branches  have  been  faith- 
fully and  efficiently  filled  by  Assistants  Francis  Klett  and  George  M. 
Lock  wood. 

OFFICE. 

While  the  expedition  of  1873  was  in  the  field,  three  draughtsmen  and 
one  computer  were  employed  in  the  office,  and  completing  results  to  the 
close  of  the  season  of  1872,  both  topographical  and  meteorological,  and 
those  of  1873  are  well  advanced. 

The  great  mass  of  geographical  information  obtained  annually  obliges- 
this  method,  which  proves  to  be  most  economic. 

CONCLUSION. 

The  progress  and  improvement  of  the  survey  have  passed  through  suc- 
cessive stages  since  its  commencement  in  18G9.  It  is  believed  that  in 
its  present  efficient  state  it  answers  a  want  of  the  W'ar  Department 
and  the  country,  and  has  at  its  foundation  a  judicious  economy. 

The  results  are  available  to  other  executive  departments  of  the  Gov- 
ernment  than  the  War  Department,  and  incidentally  to  the  industries  of 
the  region  surveyed.  While  suggesting  the  propriety  of  the  continu- 
ance of  the  survey,  a  few  of  the  many  classes  of  information  are  here 
noted,  the  results  from  which  are  believed  to  be  of  constant  necessity  and 
usefulness  in  the  War  Department: 

1st.  The  published  maps,  profiles,  and  compiled  distances  over  pres- 
ent and  future  routes  of  communication  and  supply  that  look  to  a  saving 
in  cost  of  transportation  of  all  materials  and  munitions  of  war  and  other 
supplies  forwardecl  through  the  Quartermaster's  Department  of   the 
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Army.  As  a  correct  understanding  of  the  topographical  features  of  a 
country  is  necessary  to  all  military  operations,  either  in  times  of  war  or 
peace,  the  necessity  for  the  acquisition  of  this  information  in  a  system- 
atic form  at  the  War  Department,  and  it^  dissemination  through  tlie 
different  branches  of  the  military  service,  becomes  apparent. 

2d.  The  establishment  of  routes  of  communication  necessary  for  the 
supply  of  interior  posts.  For  an  understanding  of  the  above,  the  inter- 
lying  country  requires  thorough  examination. 

3d.  Critical  routes  to  be  followed  in  the  interchange  of  troops  between 
distant  stations  when  demanded. 

4th.  Xew  and  shorter  routes  for  forwarding  recruits  to  their  com- 
panies and  stations. 

5th.  lioutes  for  scouts  pursuing  hostile  or  unfriendly  Indians. 

6th.  The  selections  of  sites  for  new  military  posts  established  in 
advance  of,  or  as  safeguards  to,  civilization. 

7th.  lioutes  for  troops  when  called  out  for  the  protection  of  miners  or 
settlers. 

8th.  A  knowledge  of  the  resources  of  the  country  surrounding  the 
military  establishments,  and  its  capacity  for  furnishing  supplies. 

9th.  Eoutes  of  transit  when  troops  are  ordered  to  remote  points  in  aid 
of  the  civil  law. 

10th.  A  knowledge  of  the  character  and  habits  of  the  several  Indian 
tribes,  and  their  disposition  toward  each  other  and  toward  settlers.       • 

The  above  are  a  few  of  the  classes  of  examinations  necessary  and 
valuable  to  the  several  Bureaus  of  the  War  Department  and  to  the 
commanders  of  troops  in  their  pioneering  into  the  unoccupied  and  com- 
paratively inaccessible  portions  of  the  western  interior. 

To  obtain  such  information  that  should  be  at  all  times  immediately 
available  for  the  uses  of  the  War  Department,  such  observations  as  are 
necessary  for  an  accurate  deUneation  and  description  of  the  surface  and 
resources  of  the  area  surveyed  must  be  made.  This  calls  for  geographical 
surveys  in  their  highest  and  broadest  sense. 

The  position  of  the  cognate  branches  of  science  in  carrying  on  so  im- 
portant a  work  must  naturally  be  subservient  to  the  exact  science  neces- 
sary to  the  delineation  of  the  surface  with  accuracy.  Meanwhile,  the 
co-operation  of  specialists  in  the  branches  above  referred  to  will,  without 
largely  increasing  the  cost,  enhance  that  portion  of  the  results  relating 
to  the  resources  of  the  region  surveyed,  and  to  them  the  best  facilities 
for  the  prosecution  of  their  inquiries  are  afforded,  as  also  most  excellent 
opportunities  for  the  proper  application  of  their  results. 

In  order  that  the  survey  may  be  continued  at  the  standard  proposed 
in  the  Progress  Keport  for  1872,  the  estimate  below  submitted  will  be 
required  to  be  appropriated,  so  that  one  of  the  units  of  force  may  take 
the  field,  and  within  the  year,  or  shortly  thereafter,  publish  its  entire 
and  complete  results. 

The  survey  is  capable  of  expansion  to  meet  the  wants  of  the  Govern- 
ment, but  its  operations  cannot  be  made  satisfactory  except  at  least 
one  of  the  units  of  force  is  appropriated  for. 

The  law  for  the  present  year  admits  of  the  prosecution  of  the  survey 
with  the  force  at  its  disposal  in  any  portion  of  tjie  area  west  of  the  one 
hundredth  meridian. 

The  special  area  for  the  season  of  1874:  has  been  authorized  by  the 
W^ar  Department. 

Of  mountainous  areas  very  little  known,  whose  present  and  prospect- 
ive mining  developments  indicate  that  this  industry  will  soon  enter 
them,  are  portions  of  New  Mexico,  represented  by  that  part  of  atlas- 
rectangles  77,  84,  78,  and  85,  west  of  the  Ria  Pecos  ftnd  east  of  the  Rio 
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Grande ;  also,  in  rectangles  47,  48,  and  57,  and  portions  of  65,  along  the 
east  base  of  the  Sierra  Nevada  range. 

It  is  not  deemed  essential  or  advisable  to  have  limited  long  in  advance 
special  areas  to  be  occupied  in  any  one  year,  although,  so  far  as  practi- 
cable, the  areas  of  several  years  should  be  made  to  conjoin,  yet  the 
survey  should  be  held  as  an  intact  organization,  prepared  to  carry  on 
its  work  in  any  portion  of  the  interior  west  of  the  one  hundredth  merid- 
ian into  which  it  shall  be  ordered  by  the  War  Department. 

As  the  surveys  of  the  General  Land-Office  are  being  extended  into 
the  mountainous  mining-districts,  and  as  there  are  boundary-lines  be- 
tween political  divisions  yet  to  be  marked,!  would  suggest  the  propriety 
of  an  interchange  of  results  between  the  General  Land-Office  and  this 
survey. 

The  use  of  details  of  the  former  prevents  the  necessity  of  duplication 
of  work  in  certain  valley-areas,  while  points  could  be  furnished  checking 
standard  meridians  and  bases,  prominent  points  on  boundary-lines,  ini- 
tial points  for  the  surveys  of  mining  claims  and  areas,  &c. 

The  amount  required  for  the  prosecution  of  the  field  and  office  work 
of  the  survey  for  the  fiscal  year  ending  June  30,  1876,  by  the  unit  of 
force  proposed,  is  $95,000.  No  less  sum  than  this  can  be  used  with  the 
same  resulting  degree  of  economy. 
.The  probable  distribution  of  expenditures  under  this  appropriation 
would  bo  as  follows : 

Expense  of  nine  parties  in  field  and  office $58, 000 

Transportation,  including  purchase  of  animals 8, 50«* 

Purchase  of  materials,  outfits,  &c 6,50(i 

Subsistence  of  parties  in  the  field 6, 400 

Forage,  including  winter-herding 7, 500 

Repairs  of  instruments l,50i» 

Office-rent,  fuel,  storage,  &c 3, 10i» 

Contingencies,  including  erection  of  monuments  and  observatories  at  astro- 
nomical stations.. 3,500 

Total 95,000 

Amount  appropriated  to  continue  explorations  and  surveys  west  of  the  one 
hundredth  meridian  for  the  fiscal  year  ending  June  30, 1875 $30, 000  00 

Amount  allotted  from  balances  existing  June  30, 1873,  and  made  available 
by  act  approved  June  23, 1874 60,000  00 

Amount  remaining  on  hand  at  close  of  fiscal  year  ending  June  30, 1874 25,  &S9  45 

Amount  required  for  field  and  office  for  fiscal  year  ending  June  30, 1876 95, 000  00 

All  of  which  is  respectfully  submitted. 

Geo.  M.  Wheeler, 
First  Lieutenant  Corps  of  Engineers^  in  chnrge. 
Brig.  Gen.  A.  A.  Humphreys,  • 

VJiief  of  Engineers^  V.  S.  Army. 


F  F  2. 


PL  IN  FOR  PUBLICATION  OF  REPORTS  AND  MAPS,  WITH  ESTIMATES.— SUM- 
MARY OF  PUBLICATIONS  TO  PRESENT  TIME. 

United  States  Engineer  Office, 
Geographical  Explorations  and  Surveys 

West  of  the  100th  Meridian, 

Washingtonj  D.  C,  June  30,  1874. 
General  :  The  estimate  of  $95,000,  submitted  as  the  amount  neces- 
sary to  continue  the  work  under  my  charge  for  the  fiscal  year  ending 
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June  30, 187G, covers  the  expense  only  of  the  field  and  office  work  of  the 
survey,  but  not  the  publication  of  maps  or  illustrations  for  the  survey- 
reports. 

In  the  act  approved  .June  23,  1874,  the  amount  of  §25,000  was  appro- 
priated for  the  Hscal  year  ending  June  30,  1875,  for  illustrations  for  the 
volumes  to  be  iiublished. 

The  greater  number  of  the  manuscripts  for  the  six  volumes  proposed 
(see  Annual  Keport  of  the  Chief  of  Engineers  for  1873,  p.  1717)  are  ready 
for  the  press,  and  only  await  the  preparation  of  the  illustrations  for 
the  same,  which  will  be  begun  early  in  the  coming  fall. 

The  necessary  changes,  in  the  manner  proposed  in  the  last  annual 
report,  for  the  form  and  scope  of  the  volumes  are  as  follows :  Volume  1 
is  to  include  the  general  report  of  1873,  and  condensed  reports  upon  all 
the  mining-districts  visited  since  the  year  1871.  It  should  be  complete 
soon  after  the  return  of  the  expedition  of  1874.  Volume  2  is  to  include 
reports  upon  the  astronomical  stations  of  1873.  The  manuscript  will  be 
ready  for  the  press  as  soon  as  the  observations  necessary  for  the  connec- 
tion of  the  astronomical  observatory  at  Ogden,  Utah,  with  the  U.  S.  Naval 
Observatory  at  Washington,  D.  C.,  are  computed.  Volume  3  is  to 
embrace  the  subjects  proposed  in  the  annual  report  of  this  year.  It  is 
somewhat  doubtful  whether  it  can  be  published  during  the  present  fiscal 
year.  Volume  4,  as  indicated  in  the  main  body  of  the  report,  approaches 
completion,  and  ought  to  be  ready  for  the  press  by  October  10.  The 
examination  of  fossils  and  the  preparation  of  reports  upon  paleontology 
are  going  on  while  the  parties  are  in  the  field,  and  ought  to  be  well 
advanced  by  the  1st  of  October.  This  volume  will  also  contain  a  report 
upon  the  vertebrate  fossils  collected  in  1873.  Manuscript  reports  for 
volume  6  are  nearly  ready,  and  can  go  forward  to  the  printer  during 
October. 

It  has  been  found  impossible  to  include  in  the  present  annual  report 
total  results  up  to  date  in  the  astronomical,  meteorological,  and  topo- 
graphical branches,  as  stated  in  my  last  annual  report.  They  are  all 
brought  closely  to  completion,  however;  and  the  reports  relating  to  the 
cognate  branches  of  the  survey,  as  therein  indicated,  will  be  hereafter 
brought  out  in  special  form. 

The  present  field-season  must  necessarily  be  a  short  one,  and  during 
the  coming  year  it  is  deemed  x)ossible  to  establish  a  complete  harmony 
between  field  and  office  work  and  results  so  that,  as  nearly  as  possible, 
within  the  fiscal  year,  the  final  results  shall  be  placed  in  publication- 
form. 

PUBLICATIONS. 

Since  the  inception  of  the  work  under  my  charge,  the  following  sepa- 
rate publications  other  than  maps  relating  thereto  have  appeared : 
Preliminary  Report,  1869,  (octavo;)  Preliminary  Eeport,  1871,  (quarto;) 
Table  of  Camps,  Distances,  &c.,  1871  and  1872,  (quarto ;)  List  of  Mining- 
Questions;  Listof  Mining-Districts  Visited,  1871, 1872,  and  1873;  Land- 
scape and  Stereoscopic  Views  taken  in  the  years  1871, 1872,  and  1873 ; 
Preliminary  Eeport  upon  the  Fishes,  1871  and  1872,  by  Prof.  E.  D.  Cope, 
(pamphlet ;)  Annotated  List  of  the  Birds  of  Utah,  collected  in  1872, 
(pamphlet.) 

The  following  reports  have  been  submitted  to  the  Engineer  Depart- 
ment, with  a  request  for  their  publication,  and  it  is  believed  have  gone 
forward  to  press :  Progress  Itei)ort,  1872 ;  Keport  upon  the  Botanical 
Collections  of  1871,  1872,  and  1873;  Keport  upon  the  Ornithological 
Collections  of  1871  and  1872. 
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A  Keport  upon  the  Determination  of  the  Astronomical  Co-ordinates 
of  the  Stations  at  Cheyenne,  Wyoming:,  and  Colorado  Springs,  Col- 
orado, quarto,  was  issued  in  January,  1874. 

MAP-PUBLICATIONS. 

Topographical  atlas,  —  An  advanced-sheet  issue  of  this  atlas  has  been 
photolithographed  during  the  year.  It  contains  (1)  title-sheet,  (2)  le- 
gend-page, (3)  basin-chart,  (4)  progress-map,  and  sheets  i^os.  50,  58, 
59,  and  66.  A  2,000-copy  edition  has  been  published,  and  486  setv< 
distributed ;  500  copies  of  sheets  Kos.  50,  58,  59,  and  06  have  been 
printed  on  thin  paper  for  preliminary  distribution. 

Proofs  have  been  presented  of  sheets  Nos.  50,  59,  and  66,  executed  by 
tlie  crayon-process.  No.  59  is  within  a  few  days  of  completion,  in 
addition,  there  are  in  the  hands  of  the  lithographer,  of  which  proofs  are 
to  be  furnished  soon,  (1)  index  map,  (2)  general  topographical  map  of 
the  area  west  of  the  Mississippi  lliver,  and  (3)  an  explanation-sheet. 
Sheets  49  and  67  are  in  an  advanced  state  of  preparation,  and  go  for- 
ward soon  to  the  lithographer.  Sheets  57,  65,  75,  76,  83,  and  portions 
of  77  and  84,  are  in  process  of  construction  on  a  scale  of  one  inch  to 
eight  miles.  The  southeastern,  northeastern,  and  southwestern  parts 
of  sheet  61,  and  the  southeastern  quarter  of  sheet  52,  are  being  con 
structed  on  a  scale  of  one  inch  to  four  miles. 

All  of  the  sheets  above  mentioned  will  doubtless  be  completed  and 
published  during  the  coming  year.  The  several  photographic  copies  of 
the  preliminary  maps  for  office-use  are  printed  by  the  photographer  of 
the  expedition.  There  have  been  made,  during  the  j'ear,  issues  of  the 
preliminary  maps  of  1869  and  1871  and  of  the  office-map  of  1872. 

There  is  a  large  and  increasing  call  for  maps  of  the  comparatively 
unknown  regions  west  of  the  one  hundredth  meridian,  and  the  edition 
already  authorized  will  be  insufficient  to  meet  the  wants  of  the  present 
tiscal  year.  The  atlas  of  geological  maps  is  referred  to  in  the  main 
body  of  the  report.  From  material  gathered,  fourteen  sheets  are  pro- 
posed for  publication. 

The  following  estimate  for  the  publication  of  maps  and  illustrations 
for  the  reports  is  submitted  for  the  fiscal  year  ending  June  30,  1876. 
The  amount  is  the  same  as  that  appropriated  for  the  present  fiscal  year. 

For  preparation,  photolithographing,  engraving,  and  printing  atlas  and  other 
topographical  maps,  including  the  field-work  of  1874 $15,  <*■' 

For  preparation,  photolithographing,  engraving,  and  printing  geological  maps, 
to  include  the  work  of  the  iield-se^isou  of  inTIi 2J>^*' 

For  engraving  and  printing  plate  and  other  illustrations  for  reports 7,5"*' 

Total 25,  Oi^' 

The  amount  appropriated  for  engraving  and  printing  illustrations  for  the  reports  of 
explorations  and  surveys  w^est  of  the  one  hundredth  meridian,  for  tiie  fiscal  year  end- 
ing June  30,  1875,  is  §25,000. 

Amount  required  for  the  preparation,  engraving,  and  printing  of  topographical  an<l 
geological  atlas,  maps,  and  illustrations  for  reports  for  the  year  ending  June  30,  InI'*, 
|i25,000. 

A  copy  of  the  progress-map  is  herewith,  showing  api)roximately  the 
-areas  surveyed  up  to  the  close  of  the  field-season  of  1873. 
Very  respectfully,  your  obedient  servant, 

George  M.  Wheeler, 
Flrnt  Lieut  of  Engineers^  in  charge. 
Brig.  Gex.  a.  a.  Humphreys, 

Chief  of  Engineers^  U.  8,  Army. 
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APPENDIX    FF3. 

IlEPORT  ON  PALEOXTOLOGY. 

United  States  Engineer  Office, 
Explorations  and  Surveys  West  of  the  IOOtii  Meridian, 

WashingtoHy  D,  C,  October  15,  1874. 
General  :  I  have  the  honor  to  forward  herewith  a  special  report 
received  from  Prof.  E.  D.  Cope,  paleontologist  to  the  expedition  of  this 
season,  embodying  some  of  the  results  of  liis  labors  in  portions  of  New 
Mexico,  up  to  the  27th  of  September.  This  report  contains  new  and 
valuable  information  relative  to  vertebrate  fossil  remains. 
Very  respectfully,  your  obedient  servant, 

Geo.  M.  Wheeler, 
Lieutenant  of  Engineers^  in  cliarge. 
Brig.  Cien.  A.  A.  HimPHREYS, 

CItief  of  IJngineei'fij  U.  S.  Army. 


REPORT  OF  PROF.  E.  D.  COPE,  PALEONTOLOGIST. 

Camp  on  Gallinas  Creek,  Sepietnber  27,  1874. 
SiK  :  In  accordauce  with  your  instractions  to  forward  a  report  of  proceedings,  I  beg 
leave  to  state  that  I  returned  to  this  camp  from  Tierra  Amarilla  on  the  15th  of  the 
mouth,  and  have  remained  here  ever  since.  We  have  been  mostly  employed  in  examin- 
ing the  bad  lands  of  the  Eocene  of  the  divide  between  the  Chama  and  San  Juan  Rivers, 
aud  in  collecting  the  vertebrate  fossils  which  their  beds  contain.  A  little  time  has 
been  devoted  to  the  Cretaceous  beds  forming  the  rim  of  the  Basin.  From  the  Eocene 
beds,  more  than  seventy-five  species  of  vertebrates  have  been  obtained,  many  of  which 
are  new  to  science,  and  otliers  are  largely  illustrated  by  additional  remains.  Four 
species  of  a  new  order,  the  Jbxodontiat  have  been  discovered,  and  our  knowledge  of  the 
structure  of  other  peculiar  forms  enlarged.  Interesting  relations  between  the  Creta- 
ceous and  Tertiary  beds  have  been  observed. 

Mr.  Shedd  has  been  assisting  in  making  collections  and  taking  his  meteorological 
obHervations  at  the  stated  times. 

The  health  of  the  party  coutiuues  good,  and  we  hope  to  move  camp  to  another  point 
ere  long. 

Very  respectfully,  your  obedient  servant, 

Edw.  D.  Copk, 

Paleontoloffist. 
Lieut.  Geo.  M.  Whkelkk, 

Corjis  of  EngineerHf  F.  S.  J, 


NoTK.M  ON  THE  Eocene  and  Pliocene  lacvstkine  roRMATif>Ns  of  Nkw  Mexico, 
including  desclliptions  of  certain  new  species  of  velfreijkates,  by  prof. 
E.  D.  Cope,  paleontologist  to  the  expedition. 

PART  I. 

One  of  the  results  of  the  examinations  made  during  the  field-season  of  1874  is  the 
discovery  of  an  extensive  series  of  deposits  of  Eocene  age.  These  indicate  the  existence, 
during  early  Tertiary  time,  of  an  extensive  lake  of  fresh  water  in  that  part  of  New  Mex- 
ico now  drained  by  the  tributaries  of  the  Chama  River  on  the  east  and  the  Sau  Juan 
Kiver  on  the  west.  This  lake  received  the  remains  of  the  fauna  of  its  shores  and 
other  regions  adjacent,  which  have  been  preserved  and  obtained  by  the  members  of 
the  expedition  detailed  by  Lieutenant  Wheeler  for  its  investigation,  in  considerable 
numbers. 

The  shore  of  this  lake  was  formed  by  rocks  of  the  Cretaceous  formation  of  an  age 
near  the  No.  3  of  Meek  aud  Hayden.  In  approaching  it  from  the  east,  we  traverse 
the  sandstones  of  Cretaceous  ^fo.  1,  both  horizontal,  and  tilted  at  various  angles,  and 
find  No.  2  resting  upon  it  frequently  uncouformably,  and  tilted  at  higher  angles,  fre- 


Digitized  by  LjOOQ  IC 


592  liEPORT    OF    THE    CHIEF    OF    ENGINEERS. 

qnently  45"^,  sometimes 50-,  to  tbe  west  and  southwest,  and  coutaining  numerous  foswil**, 
as  Itwceramus,  etc.  The  upper  sandstones  of  this  formation  itsisn  into  a  brackish  or 
fresh-water  formation,  which  includes  a  bed  of  lignite,  of  sometimes  50  feet  in  thick- 
ness. Above  this  rests,  conformably  where  seen,  a  moderate  thickness  of  rather  soft 
marine  rocks,  containing  numerous  shells,  Acephala^  Gastropoda,  and  Cephalopoda,  in- 
cluding Of/8ier»y  Baculites,  and  J mmo /it' /e«  resembling  A,  placenta  most,  with  sharks'  teeth. 
Resting  unconformably  on  the«e,  with  a  much  reduced  dip,  is  a  mass  of  brown  and 
reddish  sandstones,  some  1,500  feet  in  thickness,  iuclining  perhaps  10^  sonth  and 
southeast.  These  pass  continuously  into  the  superincumbent  red  and  gray  marls,  alter- 
natiug  with  brown  and  white  sandstone  of  the  fossiliferous  beds  of  the  Eocene.  Tiie 
observed  part  of  these  beds  is  about  1,500  feet  in  deptii. 

A  considerable  number  of  species  of  Vertehrata  have  been  obtained,  a  large  msgority 
of  which  are  Mammalia,  wiile  it  is  premature  to  attempt  to  determine  fully  the 
character  of  the  fauna,  enough  has  been  ascertained  to  indicate  marked  difference-* 
from  that  of  the  Bridger  group  of  Wyoming.  It  is  peculiar  in  the  entire  absence  of 
the  genus  Paheosyopaos,  so  characteVistic  of  the  former,  and  its  replacement  by 
Bathmodon,  which  has  never  been  recorded  from  the  Bridger  formation.  The  abun- 
dant species  of  Hyrachyus  of  the  Bridger  are  here  represented  by  a  single  one  of  small 
size,  which  occurs  but  rarely,  while  its  companion,  llyopsoduSj  is  very  rare  or  wanting. 
While  gar-remains  are  abundant  in  both,  the  Amiidw  and  SiUirid<v  have  not  yet  re- 
warded our  examinations.  The  characteristic  genera  of  the  Now  Mexican  fauna  are 
Bathmodon,  Cope;  Hippogytis,  Leidy ;  and  Pkenacodus,  Cope,  genera  which  it  shares  with 
the  Bathmodon  bed  of  the  Green  River  formation  of  the  Bear  River  Wyoming.  There  U 
in  all  respects  so  close  a  resemblance  between  these  deposits  as  to  lead  to  the  belief  in 
their  horizontal  identity,  and  with  other  reasons,  to  give  to  the  southern  basin  a  higher 
antiquity  than  belongs  to  the  celebrated  Bridger  series.  The  interesting  fact  that  the 
teetli  of  six  or  seven  species  of  sharks  and  one  Ostrea  have  been  deposited  with  the 
mammalian  remains  indicates  that  the  marine  Cretaceous  rocks  formed  the  coast-mate^ 
rial  of  this  lake,  and  the  earlier  perioil  of  its  deposit  is  probable  on  various  grounds,  to 
be  considered  at  a  futnre  time.  The  facts  are  all  confirmatory  of  the  view  already  ex- 
pressed by  the  writer  that  the  population  of  the  Bridger  epoch  was  derived  by  migratiou 
from  a  southern  region. 

Perhaps  the  most  important  addition  to  paleontological  science  obtained  daring  the 
course  of  the  investigation  is  the  discovery  of  four  species  of  two  new  genera,  CaUtmv- 
don  B,m\  Ectoganm  of  Toxodontia,  Skn  order  which  has  not  been  heretofore  ideutitied  a-i 
having  existed  on  the  North  American  continent. 

DESCRimOX   OF  SPECIES. 

EcTOGA^'us  (JLiRiFORMis,  gcH.  et  8p.  noi\ 

Char.  gen. — This  genus  rests  on  a  number  of  remains  of  the  crania  of  three  specie-s 
including  priDcipally  teeth,  in  a  good  stat«  of  preservation,  all  found  in  appropriatt* 
relations  by  the  writer.  The  teeth  include  incisors,  molars,  and  premolars,  it  is  believed, 
of  both  superior  and  inferior  series. 

There  are  two  types  of  gliriform  incisor-teeth,  and  of  one  of  these  in  the  larga-^t 
species  three  sizes.  In  the  one,  the  teeth  are  elongate,  compressed,  convex  in  both  direc- 
tions on  the  anterior;  are  convex  or  angulate  in  section  at  the  posterior  face.  In  all. 
the  enamel  is  confined  to  a  band  on  the  anterior  face,  extending  more  or  less  on  one 
side  or  the  other,  the  naked  dentine  extendiug  prominently  backward  at  the  middle 
and  basal  portion  of  the  shaft. 

In  the  larger  size,  this  portion  is  subacute  behind ;  in  the  smallei;,  obtuse.  Teeth  of 
this  type  are  of  three  sizes,  the  smaller  two  the  most  compressed  and  with  narrowest 
enamel.  Those  of  the  second  type  are  of  one,  an  intermediate  size,  and  are  shortt-r 
than  those  of  the  others  and  less  compressed.  One  of  their  faces  is  concave  in  both 
directions,  and  is  covered  with  enamel  from  the  apex  of  the  tooth  for  some  distanc<> 
posteriorly.  From  its  terminus  on  the  concave  side,  the  enamel  borders  retire  to  the 
sides  of  the  convex  front. 

There  are  three  molars  of  the  superior  and  many  of  the  inferior  series  available  f«»r 
present  determination.  The  superior  are  all  remarkable  for  the  great  exposure  of  their 
external  faces  as  compared  with  their  internal,  aud  the  extension  of  the  enamel  on  the 
outer  face  of  the  very  thick  external  root,  which  is  uot  distinguished  from  the  crown. 
The  true  molar  has  three  roots,  and  the  crowu  is  longer  ant^ro-posteriorly  than  trans- 
versely. It  consists  of  two  transverse  tubercular  ridges,  connected  by  a  medinm  oblique 
longitudinal  ridge.  The  premolars  have  two  of  the  roots  connate,  forming  a  8upp<»rt 
to  the  greater  part  of  the  crown.  The  worn  surface  is  in  form  something  like  the 
Greek  cj,  the  dec])  emnrgiuation  being  internal.  The  inferior  molars  have  greater 
antero-posterior  than  transverse  diameters.  The  enamel  is  more  extended  on  one  sidi» 
than  the  other,  covering  the  exposed  portions  of  the  roots.  The  grinding  surface  i< 
plane,  and  has  the  form  of  a  horizontal  ao :  the  limbs  being  angulate,  as  in  the  Greek  -. 

It  is  inip.'>ssi!)l«  to  determine  the  affinities  of  this  curious  genus  with  the   nuiteiiul 


Digitized  by  LjOOQ  IC 


REPORT  OF  THE  CHIEF  OF  EKGINEERS.        593 

at  present  in  my  bands,  bat  it  is  evidently  nearer  to  the  Sontb  American  Toxodon, 
Owen,  and  Ti/potheriuniy  Gervais,  than  anything  yet  discovered  in  the  North  American 
Tertiaries.  It  is  no  doubt  related  to  the  Anchippodm,  Leidy,  and  Tillotherium  Marsh, 
(which  Marsh  observes  may  be  identical,)  bat  differs  from  both  in  many  points  of  the 
dentition. 

Char,  specif. — All  the  incisors  are  regnlarly  convex  in  front.  The  surface  of  attrition 
of  the  large  ones  truncate,  of  the  small  ones  oblique.  The  section  of  the  large  ones 
near  the  base  is  diamond-shaped,  with  one  acute  angle  truncate  and  the  other  raunded. 
There  are  some  shallow  grooves  on  the  sides,  and  on  one  side  a  more  pronounced  longi- 
tudinal shallow  angulation.  The  enamel  of  these  and  of  all  the  molars  is  smooth,  and 
there  are  no  cingnla  on  the  latter.  The  transverse  crests  of  the  nnworn  true  molars 
support  two  tnl^roles,  and  the  inner  extremities  of  the  crests  of  the  premolars  are  pro- 
duced in  accofdanoe  with  the  oblique  wearing  of  the  incurved  crown  in  mastication. 

Measurements, 

Length  of  incisor,  largest,  type  1 043 

Width  of  incisor,  largest,  type  1 013 

Depth  of  incisor,  largest,  type  1 018 

Length  of  incisor,  medium,  type  1 034 

Width  of  incisor,  medium,  type  1 006 

Depth  of  incisor,  medium,  type  1 014 

Depth  (t)  of  incisior,  last,  type  1 009 

Width  of  incisor,  last,  typo  1 004 

Length  of  incisor,  type  2 031 

Width  of  incisor,  type  2 < 006 

Length  of  enamel  of  face  externally 013 

Length  of  enamel  of  face  posteriorly 005 

Length  of  crown  of  posterior  npper  molar 016 

Width  of  crown  of  posterior  upper  molar 012 

Length  of  crown  of  posterior  lower  molar 012 

Widthof  crown  of  posterior  lower  molar 009 

Size  about  that  of  a  fully-grown  hog,  (8us  scropha,) 
Portions  of  seve^  individuals  have  been  found. 

Calamodon' SIMPLEX,  gen,  el  sp.  nov, 

CAar.^en.— Molar  teeth  subcylindric,  prismatic,  rootless ;  the  crown  only  distinguished 
by  its  investiture  of  enamel,  which  exhibits  a  weak  marginal  inflection  for  a  portion 
of  the  length.  Enamel  extending  in  a  band  on  one  or  both  sides  of  the  tooth  to  the 
base.  Incisors  rodent-like,  curved,  with  a  band  of  enamel  on  the  anterior  face,  and 
obliquely-truncate  extremity. 

A  number  of  specimens,  probablv  representing  this  genus,  have  been  found,  and  I 
select  as  typical  those  of  an  individual  in  which  the  molar  and  incisor  teeth  occurred 
together.  The  form  is  evidently  allied  to  Eotoganiis,  as  the  close  resemblance  of  the 
incisor  teeth  demonstrates,  but  the  molars  are  of  a  much  more  simple  type  than  any- 
thing yet  discovered  in  this  group,  imitating  superficially  those  of  some  Edentata. 

Char,  specif. — Molar  (t  superior)  longitudinally  bent,  the  convex  (outer)  face  covered 
with  enamel  to  the  base.  Enamel  extending  a  much  shorter  distance  on  the  inner 
face,  and  soon  worn  through  by  attrition  on  one  of  the  other  faces.  Section  of  the 
base  of  crown  a  subquadrate  oval.  A  slight  inflection  of  enamel  on  the  inner  and  a 
still  weaker  one  on  the  (f  )pOBterior  border  of  the  triturating  face.  Enamel  with  slight 
longitudinal  ridges.  Incisor  much  curved,  strongly  convex  in  transverse  section,  the 
enamel  obscurely  longitudinally  ridged  on  both  sides  near  the  border.  Section  of  one 
side  slightly  concave. 

These  and  other  specimens  indicate  an  animal  at  least  as  large  as  the  American  tapir . 

* 
Measurements, 

M. 

Length  of  a  molar 042 

Diameter  of  the  same 015 

Diameter  of  incisor,  transverse 019 

Calamodon  arcamcenus,  sp.  nov. 

This  Troxodoni  is  represented  by  a  portion  of  the  skeleton  of  a  specimen  including  sev- 
eral teeth,  and  most  probably  by  portions  of  another,  which  includes  a  large  and  per- 
fect inferior  incisior-tooth.    The  former  displays  the  alveoli  for  molars  and  incisors, 
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Bhowing  tbe  one-rooted  character  of  those  of  the  lower  jaw,  and  the  deep  implantation 
of  the  incisor  below  the  antepenultimate  molar.  The  number  of  molars  indicated  by 
the  ramus  is  five,  the  anterior  in  close  contact  with  the  single  large  incisor.  Tbe  mo- 
lars are  subquadrate  in  section,  the  last  a  little  longer  than  broad.  The  only  one  in 
which  the  crown  is  preserved  exhibits  a  short  crown,  with  its  inferior  enamel  \^order 
notched  on  two,  and  oblique  on  two  sides,  and  the  external  layer  of  the  root  swollen 
above  it  all  round.  The  summit  of  the  crown  is  worn,  and  is  divided  sabequally  by  a 
transverse,  rather  shallow,  groove.  One  division  of  the  crown  exhibits  two  dentinal 
areas  in  transverse  line,  the  other  three  small  ones  in  a  curved  line.  The  extremity  of 
the  curved  incisor  is  rodent-like,  and  regnlarly  convex  on  the  anterior  face  and  entirely 
smooth.    Tbe  posterior  or  grinding  face  is  convex  in  cross-section. 

A  large  lower  incisor  of  another  individual  is  about  five  inches  in  length  and  one  and 
a  half  in  depth,  without  the  increase  of  elevation  of  tbe  superior  or  interior  edji^e,  as  is 
seen  in  Ectoganus  glirifomiis.  This  edge  is  obtusely  rounded,  and  instead  of  being 
obliquely  leveled  to  meet  the  masticatory  surface  of  the  extremity,  is  abruptly  trun- 
cate, the  masticating  face  turning  off  at  one  side  of  the  shaft.  The  enamel  is  smooth 
and  of  equal  width  and  convexity  throughout. 

Me^teurentents. 

Elevation  of  crown  of  molar .     .013 

Length  of  crown  of  molar .015 

Width  of  crown  of  molar 013 

Diameter  of  incisor™.  010  from  tip 013 

Length  of  series  of  five  molars 090 

Depth  of  jaw  atthkd  molar 065 

Thickness  of  jaw  at  third  molar .     .035 

Calamodon  novombhicanus,  «p.  nav. 

Represented  by  a  superior  incisor-tooth  of  a  species  of  smaller  size  than  either  of 
those  already  described,  and  differing  in  various  respects  from  those  of  the  C.  ^mpkz, 
of  which  a  fine  specimen  has  been  obtained  since  it  was  first  described.  Both  anterior 
and  posterior  ed^s  are  protected  by  a  convex  band  of  enamel ;  and  the  triturating  sur- 
face is  tran  verse  in  the  direction  of  the  depth,  and  oblique  in  that  of  the  width.  The  abaft 
increases  in  depth  toward  the  root  and  is  longitudinally  concave  on  one  face  and  con- 
vex on  the  other.  The  enamel  bands  are  most  extended  on  the  convex  face,  and  nnite 
on  that  side  round  the  triturating  face  and  present  an  abrupt  emargination  ou  tbe 
middle  of  their  convex  border.  The  other,  being  formed  of  dentine  only,  is  deeply 
worn  by  attrition. 

Measurements, 

M. 

Length  of  fragment 03< 

Depth  at  fracture Ole? 

Depth  at  grinding  face OU 

Width  at  grinding  face Oi© 

This  species  differs  from  the  supposed  C.  implex  in  this  incisor  in  other  respecte  than 
in  tbe  smaller  size.  The  latter  is  concave  on  both  sides,  and  on  the  lower  border ;  the 
former  convex  on  one  side^  and  on  the  lower  border. 

E8THONYX  BI8ULCATUS,  gen.  et  sp,  nov. 

Char,  gen.  (f ). — Incisors  of  two  forms ;  the  inferior  snbglirifonn,  but  not  growing 
.  from  persistent  pulps }  the  enamel  covering  a  long  and  narrow  external  vertical  face. 
and  terminating  above  the  alveolus,  thus  distinguishing  crown  and  root.  The  other 
form  of  (f  )incisor  with  the  apex  encased  in  enamel,  but  extending  much  farther  on  tbe 
outer  than  the  inner  side ;  the  crown  compressed,  not  wider  than  the  root.  Molan 
supporting  two  V's  with  rounded  apices  directed  outward,  the  posterior  soon  wearing 
into  a  triangle  lower  than  the  anterior.  The  anterior  elevated  and  transverse  only 
distinguished  from  a  triangle  by  a  notch  on  the  inner  side.  Last  lower  molar  with 
this  anterior  transverse  triangle,  a  diagonal  ridge  and  a  heel  with  raised  border. 

Tbe  type  of  this  genus  is  Ectoganus  hisulcatus,  Cftpe,  and  a  second  species  is  E,  burmfi*- 
ieriiy  Cope.  It  differs  from  Ectoganus  as  well  an  from  Anchippodus  in  the  far  leas  gliri- 
forni  character  of  the  incisor  teeth,  which  maybe  compared  with  tbe  extremities  of  the 
slender  fingers  of  some  monkeys  with  narrow  nails. 

Char,  specif.— k  species  about  the  size  of  the  Capyhara  is  represented  by  the  greater  part 
of  tbe  dentition  of  the  lower  jaw,  which  includes  representatives  of  both  kinds  of  incis- 
ors already  described  under  the  characters  of  tbe  genus.  The  rodent-like  form  is  leas  typi- 
cal of  the  genus  than  in  the  E.  gUrifoinnis  in  being  rather  shorter  and  furnished  with  a 
less  extensive  external  enamel-plate.  The  dentinal  column  projects  well  internally . 
giving  the  tooth  a  regularly  oval  section.    The  incisor  of  the  second  form  has  the  ia 
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(eraal  as  well  as  the  external  enamel-face,  and  the  former  possesses  alonf^itudinal  an- 

ffle  boundiD^  its  concavity.  The  grinding-face  of  the  molars  and  some  of  the  premo- 
ars  is  oQ -shaped  as  in  the  other  species,  but  the  anterior  limb  of  the  figure  is  much 
thickened  on  the  inner  face,  so  as  to  have  a  triangular  form,  the  base  being  inward. 
This  btise  is  notched  by  a  second  groove  of  that  side  of  the  tooth,  which  interruption 
is  obliterated  by  prolonged  attrition.  This  portion  of  the  crown  is  elevated  above  the 
posterior,  in  consequence  of  the  more  rapid  removal  of  the  latter  by  trituration.  The 
large  internal  and  external  grooves  continue  nearly  to  the  base  of  the  crown,  as  in  the 
larger  species.  The  last  inferior  molar  is  longer  than  the  others,  and  is  three-lobed, 
forming  by  its  base  nearly  an  isoceles  triangle.  The  heel  is  formed  by  the  backward 
production  of  the  {wsterior  convexity  of  the  oq  ,  the  central  line  of  the  figure  forming 
a  diagonal  ridge  across  the  middle  of  the  tooth. 
The  mandibular  ramus  is  of  a  deep  compressed  form. 

Meaiuremenis, 

K. 

Length  of  three  consecutive  molars 0250 

Length  of  last  two  molars 0210 

Length  of  penultimate  molar 0084 

Width  of  penult iniate  molar 0062 

Length  of  last  molar 0112 

Width  of  last  molar 0070 

Length  of  incisor,  second  form 0250 

Diameter  of  incisor,  second  form .0050 

Diameter  of  incisor,  first  form,  transverse 0030 

'  Diameter  of  incisor,  first  form,  antero-posterior 0070 

ESTHONYX  BURMKISTBRn,  «p.  nOV, 

A  species  more  nearly  allied  to  the  E.  hisulcatus  than  to  the  type  of  the  genus  is 
represented  by  a  jiortion  of  the  right  mandibular  ramus,  with  the  last  molar  tooth  in 
perfect  preservation.  While  the  jaw  is  of  depth  similar  to  that  of  the  E,  hisulcatus,  it 
is  more  slender  in  its  proportions.  The  molar,  also,  while  of  nearly  the  same  length,  is 
relatively  narrower,  especially  in  its  anterior  portion.  The  crown  of  this  tooth  is  worn 
in  the  specimen,  and  the  anterior  portion  is  elevated  above  the  posterior,  and  displays 
a  trace  of  the  notch  of  the  inner  margin  already  observed  in  the  species  la^t  described. 
The  composition  of  the  tooth  is  similar  in  other  respects.  No  cingular;  enamel 
smooth. 

JHeasurements, 

H. 

Length  of  last  lower  molar ^ 009 

Length  of  last  lower  molar  from  anterior  tubercles 006U 

WidthJ*"*^"?^^ JJ^ 

)  posteriorly 0025 

Depth  of  ramus  at  last  molar 0240 

This  species  is  dedicated  to  Prof.  Hermann  Burmeister,  director  of  the  museum  of 

Buenos  Ayres,  who  has  studied  the  group  of  ToxodoniidWy  and  given  as  an  excellent 

account  of  their  osteology. 

ESTHONYX  ACER,  «p.  flOP. 

Char,  specif, — Established  on  a  portion  of  the  lower  jaw,  in  which  the  last  four  pre- 
molars remain.  They  resemble  those  of  the  species  already  named,  except  in  the  ante- 
rior one  of  the  series.  This  tooth  in  E.  acer  assumes  the  form  of  a  premolar,  tho 
posterior  V  becoming  a  curved  median  cutting  edge,  and  the  anterior  V  opening  into  a 
cresceutoid  section ;  it  rises  to  an  acuminate  apex,  having  thus  a  rather  sectorial  char- 
acter. In  the  hist  three  molars,  there  is  a  small  tiibercle  at  the  inner  base  of  the  pos- 
terior limb  of  the  anterior  V.    Posterior  Y  much  lo«rer ;  enamel  smooth. 

Measurements, 

M. 

Length  of  four  last  molars 035 

Length  of  three  last  molars 026 

Length  of  penultimate  molars 008 

Width  of  penultimate  molars 005 

Length  of  last  molar Oil 

Width  of  last  molar 005 

Depth  of  jaw  at  last  molar 020 

This  spt-cies  differs  from  the  E,  hisulcatus  in  the  modified  form  of  the  last  premolar; 
in  the  latter,  it  is  relatively  larger  and  more  like  the  true  molars.  The  last  molar  of 
£,  aoer  is  more  like  that  of  the  E.  bumieisf^Hi,  but  the  mandibular  ramus  of  that  species 
is  relatively  much  deeper  and  similar  to  that  of  J^.  bisulcaius^ 
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ESTHONYX  MinCULUS,  Sp.  HOT. 

BeprestiDted  by  portions  of  mandibular  rami  of  three  or  fonr  individaals  of  mnch 
smaller  size  than  any  of  those  referred  to  the  species  already  described.  There  are 
represented  two  premolars  and  three  molars ;  other  teeth  are  lost.  The  molars  differ 
from  those  of  the  three  species  named  in  lacking  the  notch  or  groove  on  the  inner  side 
of  the  anterior  triangle  of  the  crown,  which  constitutes  it  a  Y  in  those  species,  giving 
the  worn  surface  a  more  simply  sigmoid  form ;  the  anterior  portion  is,  moreoTer,  not 
materially  more  elevated  than  the  posterior.  The  last  molar  has  a  large  beel,  an  inner 
and  two  anterior  tubercles  when  little  worn.  The  premolars  preserved  are  each  two- 
rooted,  the  last  is  like  the  correponding  one  in  E.  aoer,  the  penultimate  withont*beel  or 
inner  tubercles. 

MeasuremenU, 

If 

Length  of  three  true  molars,  (No.  1) OlA^ 

Length  of  two  last  premolars,  (No.  2) OUW 

Length  of  first  true  molar,  (No.  1) OWO 

Width  of  first  true  molar,  (No.  1) 0030 

Depth  of  ramus  at  first  true  molar,  (No.  1) .OOtAl 

The  worn  surfaces  of  the  first  and  second  true  molars  are  much  like  thoee  of  the  cor- 
responding teeth  of  Menotheriunif  Cope.  That  genus  differs  in  the  reduced  form  of  the 
last  inferior  molar  and  in  the  premolars. 

MeNISOOTHERICM  CUAMKNSE,  gCU.  €t  «p.  ftOV. 

Char.  gen. — Molars  three,  with  two  continuous  external  crescents  aad  two  intenal 
tubercles,  except  on  the  posterior,  where  there  is  but  one,  the  anterior  conic  tubercle. 
The  posterior  tubercles  on  the  other  molars  crescentoid  in  section.  A  well-developed 
crescent  between  the  anterior  tubercle  and  anterior  crescent,  and  an  oblique  creist 
extending  from  the  latter  to  the  adjacent  horn  of  the  posterior  inner  tubercle.  Two 
external  crescents  on  the  last  premolar. 

This  genus  presents  a  curious  combination  in  the  structure  of  its  molars  of  the 
character  of  PaUeosyopSj  Hyopotamus,  and  Hippotyns.  It  is  exceptional  among  the 
ungulates  of  the  same  faaua  in  the  number  of  crescents  of  the  molars. 

Char,  spect/.— Last  molar  with  the  oblique  inner  posterior  crest  terminating  at  the 
posterior  margin  of  the  crown.  Prominent  external  ribs  at  the  point  of  connection  of 
the  external  crescents  of  the  crown.    No  cingula ;  enamel  eutirely  smooth. 

MeoiuremenU, 

Length  (externally)  of  last  fonr  molars 0* 

Length  of  true  molars - (Wi 

Length  of  penultimate iK"? 

Width  of  penultimate 01^^ 

This  animal  was  about  the  size  of  the  raccoon,  and  probably  had  the  habits  of  tb? 
tapirs. 

Bathmodon  8IMTJS,  «p.  nov. 

Represented  by  the  remains  of  a  great  number  of  indiridnals,  including  all  parts  of 
the  skeleton,  dentition,  &c.,  but  especially  by  one  of  the  most  complete  oi  thcsse,  which 
possesses,  among  other  portions,  the  premaxillary  bones.  These  indicate  a  species  vetr 
distinct  from  the  B.  radians^  Cope,  and  one  approaching  the  Metalophodon  armatu$  in  the 
structure  of  the  molar  teeth. 

The  canine  teeth  have  cylindric  roots  and  trihedral  crowns,  the  section  of  the  latter 
forming  a  nearly  eqnilateral  spherical  triangle.  The  crown  of  the  inferior  canines  are 
shorter,  and  have  one  concave  side.  The  superior  molars  support  two  crests,  which  are 
nearly  parallel  on  the  single  and  last  tooth  of  this  type.  The  posterior  crest  is  com- 
posed of  two  portions,  the  posterior  conic  and  the  anterior  flatter,  and  which  becomeB 
the  external  posterior  crescent  on  the  penultimate  molar.  The  anterior  cingular  crest 
is  very  well  developed  on  the  last  lower  molar. 

The  premaxillary  bone  is  short  and  stout,  and  descends  steeply  from  an  elevated 
front,  presenting  its  three  teeth  downward.  The  canine  follows  closely  from  an  ele- 
vated rib  on  the  side  of  the  face.  Behind  it  is  a  considerable  diastema.  The  humeros 
is  a  very  stout  bone,  and  the  femur  is  rather  slight  in  comparison  with  it. 

Measurement. 

M. 

Length  of  bages  of  last  three  molars i>3 

L«'i]<rth  of  bjisis  of  last  molar ftS^ 

Width  of  basis  of  last  molar 0»3 
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M. 

Diameter  of  canine  at  base 025 

Length  of  penultimate  inferior  molar \ 030 

Width  of  penultimate  inferior  molar 021 

Individaals  of  larger  size  than  the  above  are  more  common.  Measurements  of  one 
of  these  are : 

M, 

Lencjth  of  last  superior  molar 032 

Width  of  last  superior  molar 043 

Diameter  of  crown  of  canine,  (another  species) 030 

This  is  the  especially  characteristic  large  mammal  of  this  fauna,  and  must  have 
existed  in  herds. 

Bathmodon  molestus,  8p.  nov. 

Established  on  remains  of  one  species  and  probably  respresented  by  those  of  others 
in  possession  of  the  expedition.  The  teeth  differ  in  several  important  respects  from 
those  of  B.  radiatis  and  B,  simne.  Thus  the  canine  is  quite  compressed  in  the  coronal 
portion,  and  is  narrow  triangular  in  section,  the  narrow  base  of  the  triangle  being  con- 
cave ;  that  is,  the  section  of  a  strong  groove,  which  is  bounded  by  a  sharp  edge  on  each 
side.  The  edge  proper  of  the  crown  is  also  duplicated  by  a  ridge  of  the  enamel, 
which  joins  it  at  an  acute  angle.  The  last  upper  molar  is  characteristic  in  its  wide 
crown,  the  posterior  usually  transverse  crest  being  curved  so  as  to  represent  the  seg- 
ment of  a  circle,  the  convexity  posterior.  The  ramus  of  the  lower  jaw  is  very  slen- 
der. The  posterior  inferior  molar  is  large,  and  has  subequal  transverse  crests.  The 
posterior  cingulum,  which  descends  from  the  excernal  angle,  is  moderately  developed 
on  both  of  the  crests. 

In  a  young  specimen  of  this  or  an  allied  species  of  Bathmodon^  the  deciduous  tooth 
which  is  replaced  by  the  last  premolar  has  two  external  crescents;  an  interesting 
point  of  resemblance  to  the  Perissodactyle  ungulates. 

Measurements. 

M. 

Width  of  anterior  crest  of  last  inferior  molar 023 

Width  of  anterior  crest  of  superior  molar 039 

Length  of  superior  molar 029 

Antero-postt rior  diameter  of  crown  of  canine 022 

Transverse  diameter  of  crown  of  canine 013 

Depth  of  mandible  at  last  lower  molar .050 

Bathmodon  lomas,  sp.  nov. 

The  very  numerous  remains  of  the  genus  Bathmodon  obtained  are  referrible  to  several 
species,  as  indicated  especially  by  the  teeth.  The  present  form  is  characterized  among 
other  points  by  the  form  of  the  last  inferior  molar.  The  anterior  crest  is  much  more 
elevated  than  the  posterior,  with  its  inner  apex  almost  a  cone,  with  anterior,  thick, 
revolnte  border.  The  usual  oblique  cingulum  descends  from  the  outer  apex  forward. 
The  longitudinal  ridge  connecting  the  crests  is  low  but  distinct,  while  the  posterior 
cingular  ridge  is  remarkably  large.  This,  which  constitutes  one  of  the  specific  marks, 
is  extended  horizontally  so  as  to  form  a  broad  ledge,  whose  border  is  a  segment  of  a 
circle.  Enamel  roughened  with  five  ridges  on  all  the  external  surfaces.  Tooth  well 
worn  by  prolonged  use. 

Measurements, 

M. 

Length  of  crown 041 

Width  of  crown  anteriorly 027 

Width  of  posterior  crest 022 

Elevation  of  posterior  crest Oil 

Elevation  of  anterior  crest 024 

Bathmodon  elephantopus,  sp.  nov. 

The  most  abundant  species  of  the  New  Mexican  Eocene  formation,  and  of  the  largest 
size,  exceeding  in  this  respect  both  the  B.  simus  and  B,  molestus.  1  describe  at  present  the 
last  molars  of  both  superior  and  inferior  series.  The  former  is  a  transverse  oval,  slightly 
swollen  on  the  posterior  border  external  to  the  middle  point.  The  two  crests  are  par- 
allel, the  anterior  as  usual  curving  round  to  the  inner  extremity  of  the  shorter  poste- 
rior, and  leaving  a  wide  interval  between  them.  The  posterior  is  not  divided,  but  is 
elevated  at  the  extremities.  Anterior  cingulum  strong,  posterior  obsolete,, excepting  on 
the  external  border,  where  it  sends  a  low  ridge  to  the  elevated  extremity  of  the  anterior 
crest.  Exteroanterior  to  this  ridge  is  a  shallow  fossa.  Enamel  very  slightly  rugose. 
The  posterior  lower  molar  exhibits  a  great  disparity  of  elevation  of  the  crests,  the 
anterior  being  high,  and  terminating  on  the  inner  side  in  an  elevated  cone.  ^The  con- 
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sectiDfi;  ridge  is  low,  and  there  is  only  a  trace  of  a  descending  posterior  ciDgnlam  on 
the  posterior  crest. 

Metisuremenis, 

M. 

Width  of  last  superior  molar 040 

Length  of  last  superior  molar 030 

Length  of  last  inferior  molar CX39 

Width  of  last  inferior  molar 026 

Elevation  of  posterior  crest  of  inferior  molar 015 

Elevation  of  anterior  crest  of  inferior  molar 025 

A  remarkably  fine  skeleton  of  a  epecies  of  this  genus,  discovered  by  my  friend  and 
assistant,  William  G.  Shedd.  exhibits  characters  heretofore  only  inferential,  and  dem- 
onstrates the  correctness  of  a  number  of  positions  heretofore  based  on  a  few  fragment- 
ary bones.  The  feet  exhibit  proboscidian  characters  throughout.  They  are  very  short 
and  plantigrade,  and  there  are  five  digits  on  the  hind  foot.  The  calcaueura  is  recurved 
inward,  and  th«  astragalus  flat  above.  The  navicular  is  transverse  and  very  thin, 
while  the  cuboid  is  subequilateral.  The  metatarsals  are  short,  and  the  phalanges  much 
wider  than  long.  The  cranium  remarkably  resembles  that  of  a  carnivorous  animal  in 
its  massive  expanded  zygomas  and  huge  canine  tusks.  It  differs  remarkably  from  this 
type,  and  shows  its  affinity  to  Uintatherium  in  the  broad  plane  of  the  upper  cranial  wall, 
with  overhanging  marginal  crests  for  the  attachment  and  protection  of  the  temporal 
and  neck  umscles.  These  crests  do  not  support  horns.  The  muzzle  in  contracted  at 
the  diastema,  thus  rendering  more  prominent  the  ridges  which  mark  the  position  of 
the  alveoli  of  the  tusks.  The  latter  are  directed  downward,  giving  the  profile  the 
pick-ax-like  form  of  that  of  Uintatherium,  though  more  robust  in  its  proportions  than 
the  latter.    The  length  of  this  skull  is  19  inches ;  the  width  at  the  zygoma s  13. 

Phexacodus  prim-evus,  Cope.* 

Char,  gen. — The  genus  Phenacodus  was  first  recognized  by  the  writer  in  a  posterior 
inferior  molar  of  a  mammal  of  about  the  size  of  a  ho^,  of  unknown  affinities,  which 
was  named  P.primeevus,  Specimens  of  the  same  species,  embracing  the  dentition  of 
both  jaws,  having  been  procured  in  the  Eocene  of  New  Mexico.  I  am  prepared  to  add 
to  the  characters  of  the  genus. 

There  are  three  molars  in  each  jaw,  and  the  specimens  include  two  premolars,  which 
form  a  continuous  series,  as  in  Achanwdon.  There  are  four  principal  tubercles  on  the 
inferior  molars  and  sometitnes  a  third  small  one  between  the  posterior  pair,  always  on 
the  last  one,  which  is,  however,  not  largely  developed.  The  first  inferior  premolar 
presents  a  broad  heel,  a  double  medium  tubercle,  and  an  anterior  tubercle,  (in  P,  pri- 
mawua,)  The  crowns  of  the  superior  molars  are  low  and  broad,  and  support  nunienma 
tubercles;  these  are  low  and  vary  in  number,  but  there  are  two  near  the  external  bor- 
der which  are  quite  constant.  They  have  general  resemblances  to  those  of  hogs,  bears, 
and  monkeys.  The  first  true  molar  is  broader  than  long,  and  there  are  no  diastemata 
between  it  and  the  premolars,  or  between  the  latter,  which  are  qnadri-,  and  tri-cuspid, 
respectively.  The  forms  of  these  teeth  are  entirely  different  from  those  of  the  corre- 
sponding teeth  in  Elotheiium. 

Char.  Hpecif,— The  posterior  molar  of  the  left  side  is  wide  in  front  and  regularly  oval 
in  posterior  outline,  and  has  two  equal  anterior  and  three  nuequal  posterior  tub^rclesL 
One  of  the  posteriors  is  situated  near  the  middle  of  the  outer  side,  and  is  separated  from 
the  adjacent  anterior  by  a  deep  groove.  The  corresponding  inner  tubercle  is  more  pos- 
terior;  anterior  tubercles  low,  trihedral,  and  connected  by  a  shelf-like  cingulum  across 
the  front  of  the  tooth :  rudimental  cin^ula  on  outer  side  of  crown.  The  penultimate 
molar  has  three  tubercles  on  the  posterior  border;  and  a  deep  fissue,  corresponding  to 
that  of  the  lust  molar,  separates  one  of  them  from  the  anterior  tubercle. 

Measurements, 
Length  of  last  molar 015 

widthJ?"*«"«''^y on 


between  two  posterior  tubercles (XKi 

Elevation  of  anterior  cusp  from  base UOri 

Width  of  penultimate  molar  behind 010 

From  the  same  locality  as  the  preceding  species. 
Phenacodus  omnivorus,  sp.  nov, 

Superior  molar  with  low  and  broad  tnbercular  crown,  with  outline  of  base  parallelo- 
grammic,  with  one  end  oblique;  the  oblique  end  with  two  principal  low  tabercles« 

*Paleontological  Bulletin,  No.  17,  p.  3,  October  25,  ld73. 
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wbich  form  the  extremities  of  two  series  of  similar  ones,  some  of  which   arise  from 
the  strong  ciugalum  which  forms  part  of  the  summit  of  the  crown. 

C^r.—Molar  without  cingulum  on  the  (?)  outer  side  only ;  ele where  very  strong  and 
crenate,  at  one  point  rising  into  a  stout,  low  tubercle.  The  largest  tubercle  is  near 
this,  on  the  inner  summit  of  the  crown,  and  is  connected  with  the  larger  outer  by  a 
low,  broad  tubercle.  A  smaller  one  intervenes  between  the  cingular  tubercle  and  the 
smaller  external.  The  ont«r  tubercles  low  and  broad,  a  smaller  one  opposite  the  inter- 
nal between  them  in  the  position  of  a  cingulum.    Enamel  coarsely  rugose. 

Meaauremenis, 

M. 

Transverse  diameter 014 

Longitudinal 010 

Distance  between  apices  of  inner  and  outer  tubercles 007 

Elevation  of  cingulum 004 

Elevation  of  outer  cusp 005 

The  tooth  described  is  about  the  size  of  the  posterior  iuferior  molar  of  the  black 
bear,  ( Uraus  americanua.) 

Phenacodus  sulcatus,  «p.  nov. 

Represented  especially  by  the  molar  tooth  corresponding  to  that  above  described 
under  the  head  of  P.  omnivorua,  in  good  preservation.  It  is  a  species  considerably  less 
than  half  the  size  of  the  one  just  named,  and  presents  several  important  differences  of 
structure.  Of  the  two  outer  tubercles,  one  is  very  small,  and  there  is  a  third  adjacent 
to  the  larger,  produced  by  the  enlargement  of  the  cingulum.  As  in  P.  omnivoruaf  the 
cingulum  extends  entirely  round  the  remainder  of  the  crown,  and  is  tubercular  on  the 
side  of  the  least  outer  tubercle.  The  inner  tubercle  is  connected  with  the  larger  outer 
by  an  intermediate  of  elongate  form,  so  that  the  series  when  worn  down  resembles  the 
transverse  ridge  of  the  superior  molar  of  Hypoayua,  and  which  is  separated  by  a  groove 
from  the  cingular  ridge  on  each  side. 

Meaauremenia, 

M. 

Transverse  diameter .OOri 

Longitudinal  diameter 006 

Distance  between  apices  of  inner  and  outer  tubercles 004 

Elevation  of  cingulum 002 

Elevation  of  outer  cusp 003 

Size  similar  to  that  of  the  corresponding  tooth  of  a  Coatu 
OxYiENA  LUPiNA,  gen,  et  ap,  nov. 

Represented  by  a  portion  of  the  cranium,  which  includes  the  greater  part  of  the  denti- 
tion. The  generic  characters  are,  three  premolars  and  four  molars  above  and  below : 
lower  premolars  with  anterior  cone  and  posterior  cutting  heel ;  last  premolar  and  all 
the  molars  of  the  superior  series  with  an  internal  heel ;  the  last  molar  transverse  ;  first 
and  second  upper  molars  with  an  anterior  cone  and  posterior  cutting  lobe ;  the  penul- 
timate with  two  anterior  acute  cones,  the  posterior  forming  a  sectorial  edge  with  the 
posterior  lobe ;  last  superior  molar  trenchant. 

Mandibular  dentition,  I.,  0;  C,  1;  P.  M.,  3;  M.,  3;  the  canine  teeth  directed  forward 
and  upward  without  intervening  incisors.  First  premolar  one-rooted;  second  and 
third  consisting  of  an  anterior  elevated  cone,  and  posterior  heel,  which  is  elevated  in 
the  middle. 

The  first  true  molar  is  nearly  similar,  with  the  posterior  tubercle  sharp  edged.  Last 
two  molars  with  an  anterior  elevated  portion  and  small  low  heel ;  the  former  consisting 
of  three  acute  tubercles,  of  which  the  largest  or  interior  forms  with  the  anterior  a  sec- 
torial blade  oblique  to  the  axis  of  the  mandibular  bone. 

This  genus  has  one  less  molar  with  double  median  cones  than  Prototomua,  It  is  one 
of  the  flat-clawed  group,  of  which  two  forms  have  already  been  described,  Meaanyx, 
Cope,  and  Synoplotheriumf  Cope,  which  present  in  their  dentition  a  nearer  resemblance 
to  the  ^enus  Hycenodon  than  to  any  other  of  later  age.  It  differs  from  both  the  genera 
named  m  having  only  six  molar  teeth,  and  the  triangular  type  of  inferior  sectorial 
teeth  has  not  yet  been  obtained  among  them.  The  O./orcipata  is  the  larger  species ; 
the  smallest  one  described  by  me  is  the  Oxycena  moraitana.  In  Stypolophtta  bremoalca- 
raiuaf  I  find  three  sectorials  of  tbe  form  described  instead  of  two  only. 

Char,  apecif, — The  posterior  cutting  lobes  of  molars  1  and  2  elevated  and  rather  obtuse, 
that  of  molar  3  lower  and  more  acute.  Molar  2  has  a  well-marked  anterior  tubercle; 
molar  4  consists  of  an  outer  cutting  edge  and  inner  cone.  The  inner  tubercle  of  molar  3 
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is  smaller  than  in  the  three  teeth  preceding;.  First  lower  premolar  well  developed  with, 
oue  root.    Enamel  of  all  the  teeth,  especially  of  the  canines,  rngoee. 
This  species  is  allied  to  those  of  the  genus  Pterodon. 

Measurement, 

Length  of  four  posterior  superior  molars 055 

Length  of  first  true  molar 016 

Width  of  first  true  molar • 015 

Length  of  second  true  molar 016 

Width  of  third  (transverse)  molar 

Length  of  five  anterior  inferior  molars 054 

This  species  is  intermediate  in  size  between  the  O.  fonipata  and  0.  morsitans.  The 
penultimate  inferior  molar  differs  from  that  of  both  these  species  in  the  much  weaker 
development  of  the  internal  lateral  tubercle  and  more  obtuse  anterior  tubercle;  in 
0,forcipaia  the  blade  is  continued  on  the  front  of  this  tubercle. 

Two  specimens  embracing  five  series  of  teeth  have  been  examiaed  by  the  writer ;  the 
measurements  given  are  those  of  the  smaller. 

OXY^NA  MORSITANS,  «p.  VOV, 

The  genus  of  fiesh-eating  mammals,  described  in  1872  under  the  name  of  SiypoIophu$, 
presents  a  type  of  dentition  which  is  further  illustrated  by  the  present  addition  of  new 
species  much  larger  than  any  hitherto  knoi^'n  to  possess  it.  Those  described  are  in 
the  order  of  size :  S.  viaecHvoiits,  S.  pungenSj  and  S,  hrevicalcaraiuSf  Cope.  The  present 
new  species  is  twice  the  bulk  of  the  last.  It  is  represented  by  broken  mandibles  with 
molars  and  canines  of  two  specimens,  and  part  of  the  maxillary  dentition  of  a  third. 
The  molar,  which  is  typical  of  the  genus,  in  its  subtriangular  basis  supporting  three 
elevated  cnsps,  and  a  short  heel,  is  evidently  functionally  the  sectorial,  what- 
ever its  homological  relatious  may  be.  In  the  present  instance,  the  inner  posterior 
cusp  is  much  reduced,  while  there  is  a  small  additional  cusp  on  the  front  of  the  ante- 
rior near  its  basis.  The  trihedral  outer  posterior  forms  a  cutting  edge  with  the  large 
outer  anterior,  which  is  produced  forward.  A  posterior  molar  exhibits  a  correspond- 
ing tricuspidate  portion,  and  a  more  elongate  heel,  with  acut«  circumference.  In  a 
premolar,  the  posterior  heel  becomes  trenchant  and  median.  The  canine  is  very  stoat 
and  compressed  at  basis.    The  enamel  in  all  the  teeth  is  more  or  less  rugose. 

MeaauremenU, 

M. 

Length  of  base  of  crown  of  sectorial  tooth. 014 

Width  of  base  of  crown  of  sectorial  tooth 009 

Elevation  of  principal  cusps 015 

Elevation  of  inner  posterior  cnsps 007 

Length  of  basis  of  posterior  molar OVi 

Width  of  basis  of  posterior  molar 007 

Length  of  heel  of  posterior  molar 005 

Elevation  of  principal  cusps Oil 

Elevation  of  anterior  cusps 006 

Long  diameter  of  canine  at  base Old 

The  maxillary  series  belongs  to  a  still  larger  animal.  The  sectorial  presents  the 
same  form  as  that  of  the  mandibular  series,  and  is  more  robust  m  form  than  in  existing 
Camivora,  The  section  of  the  middle  crests  is  very  convex  on  the  inner  side,  so  that  the 
shear  is  oblique.  The  heel  is  small  and  low.  The  premolar  preceding  has  a  large, 
broad  heel.  In  another  premolar,  the  heel  supports  a  median  crest,  while  the  anterior 
part  of  the  crown  is  a  slightly-compressed  cone,  with  a  small  tubercle  at  the  anterior 
base.    Other  specimens  indicate  that  this  species  lacks  the  inferior  incisor  teeth. 

OXY^NA  FORCIPATA,  *p.  »0V. 

Char,  specif. — Mandibular  rami  robust  and  deep,  with  the  symphysis  short,  and  the 
chin  contracted.  The  canine  tooth  forms  a  vertical  oval  in  section.  The  first  one- 
rooted  premolar  is  a  stout  tooth ;  there  is  no  anterior  basal  tubercle  on  the  second  and 
third  premolars,  but  a  distinct  one  on  the  first  true  molar.  There  is  a  small  tubercle 
at  the  base  of  the  anterior  lobe  of  the  last  or  second  sectorial  molar.  This  tooth  is 
larger  than  the  penultimate.  The  enamel  of  all  the  teeth  is  quite  rugose,  although 
they  are  well  worn  by  use. 

Corresponding  characters  are  exhibited  by  four  specimens  of  this  species,  one  of 
which  includes  portions  of  the  upper  jaw.  All  the  bones  are  particularly  massive, 
and  there  is  a  high  parietal  crest,  a  fair  indication  of  the  size  of  the  temporal  moscles. 

Additional  specimens  of  the  Oxycena  morsUanSf  Cope^  show  that  it  differs  in  the 
reduced  Hize  of  the  sectorial  molars,  and  the  very  small  first  premolar,  which  is  quite 
rudimeutal. 
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Measurements. 

M. 

Length  of  inferior  dental  series 103 

Depth  of  ramus  at  last  molar 040 

Depth  of  ramas  at  second  premolar 030 

Diameter  of  canine  tooth 019 

Length  of  premolar  series 035 

Length  of  base  of  penaltimate  molar 016 

Length  of  base  of  last  molar 019 

Width  of  base  of  last  molar. 012 

Elevation  of  crown  of  last  molar 019 

Length  of  superior  last  molar - 020 

Width  of  superior  last  molar 013 

This  animal  differs  in  specific  characters  from  the  Wyoming  carnivores,  silready  re- 
ferred to,  in  the  greater  robustness  of  all  its  parts.  From  Synoplotherium  lanius,  it  also 
differs  in  the  regular  Increase  backward  in  the  size  of  the  molars.  In  the  Wyoming 
species  the  penultimate  is  largest  in  the  lower  jaw. 

The  fragments  of  the  Oxycena  forcipata  are  as  large  as  corresponding  parts  of  the 
jaguar. 

Pachy^ena  ossifraoa,  gen,  et  sp,  nov. 

Char.  gen. — Established  on  a  single  superior  molar  tooth  of  a  large  carnivore,  ap- 
parently allied  to  the  group  of  flut-clawed  Carnivora.  It  is  either  the  last  premolar 
or  first  true  molar.  It  is  characterized  by  the  absence  of  the  cutting  edge  seen  in  the 
allied  genera,  and  its  replacement  by  a  conic  tubercle. 

The  principal  lobe  is  also  a  cone,  and  the  inner  one  a  perfect  cone,  a  little  less  ele- 
vated than  the  principal  one. 

Char,  specif.— Crown  with  well-developed  anterior  and  posterior  basal  tubercles ; 
DO  ciuguli,  either  internal  or  external.    Enamel  slightly  rugose. 

Measuremenls. 

M. 

Length  of  crown 020 

Width  of  crown 018 

Elevation  of  anterior  basal  tubercle 006 

Elevation  of  central  cone Oil 

Elevation  of  interior  cone - 010 

This  is  the  largest  carnivore  yet  observed  in  this  formation,  and  of  peculiar  chai:ao- 
ter ;  its  structure  indicating  a  diet  not  purely  carnivorous. 

PROTOTOMUS  VIVERRIND8,  gen.  et  sp.  nav. 

Char,  gen.— Three  true  molars  in  the  maxillary  bone  ;  premolars  compressed,  the  last 
of  the  upper  series  triangular  in  form  ;  each  angle  enlargred ;  the  center  of  the  crown 
with  a  compressed  conic  tubercle.  First  and  second  true  molars  triangular,  with  a 
tubercle  at  each  angle,  and  two  adjacent  cones  in  the  center.  The  tubercle  of  the  pos- 
terior angle  forms  a  slight  sectional  edge  with  the  posterior  of  the  central  pair.  Last 
(third  molar)  transverse,  with  a  median  cone.  Supposed  mandible  with  the  posterior 
two  molars  tubercular ;  the  anterior  tubercles  similar  to  the  posterior. 

This  genus  is  evidently  allied  to  the  Fiverrid(B,  differing  from  Firerrfl,  so  far  as  known, 
in  the  simple  character  of  the  last  two  inferior  molars.  From  Limnocyon  it  differs,  ac- 
cording to  Professor  Marsh's  descriptions,  in  possessing  three  instead  of  two  superior 
tru6  molars,  or,  if  we  include  with  these  the  last  premolar,  as  does  Professor  Marsh, 
four  instead  of  three.  According  to  Professor  Marsh,  the  tubercular  molars  in  his 
Vulpavus  are  generally  similar  to  those  of  the  existing  genus  Cams.  Prototomtts  pre- 
sents the  number  of  superior  molars  seen  in  Amphioyon.        M 

Char,  specif.— The  P.  viverrinus  is  established  on  a  considerable  part  of  the  cranium 
and  sk«-leton  of  one  individual  in  good  preservation.  The  last  upper  premolar  is  tri- 
radiace,  having  concave  and  subequal  sides.  The  first  molar  is  as  broad  as  long,  and 
is  triangular,  presenting  a  right  angle  outward  and  forward. 

The  second  molar  is  broader  than  long,  aud  presents  an  acute  tubercle  on  the  ante- 
rior border  between  the  inner  and  anterior  median  cones.  There  is  a  tubercle  at 
the  inner  and  outer  extremities  of  the  base  of  the  last  molar.  No  cingulnm  on  the  pos- 
terior or  outer  sides  of  the  last  premolar.  External  cones  of  the  last  two  inferior  mo- 
lars subcrescentic  in  section ;  anterior  inner  obsolete ;  posterior  inner  prominent. 
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Measurements. 

M. 

Length  of  last  five  molars .0250 

Iiengtb  of  trne-molar  series 0135 

LeDgth  of  last  premolar 0060 

Width  of  last  premolar 0050 

Lenj^h  of  penultimate  molar 0050 

Width  of  penultimate  molar 0068 

Width  of  last  molat 0047 

Length  of  last  two  inferior  molars 0090 

About  the  size  of  the  domestic  cat. 

PROTOTOMUS  IN8IDI08DS,  «p.  llOtJ. 

Represented  in  the  collections  of  the  survey  by  parts  of  the  maxillary  bone  and  btfth 
mandibular  rami  with  teeth.  The  species  is  much  less  than  the  preceding,  and  differs 
materiall3'  in  the  forms  of  the  teeth.  The  two  anterior  tubercles  of  the  tubercular 
molars  are  similar  and  approximated ;  the  posterior  slightly  divergent,  and  on  the  last 
tooth  iuclosiug  a  third  of  small  size.  The  last  premolar  has  a  broad  heel  and  stout 
anterior  cone,  but  no  anterior  tubercle.  The  tooth  immediately  preceding  is  much 
smaller,  and  also  possesses  a  heel.  The  mandibular  ramus  is  particularly  slender,  and 
the  angle  is  not  inflected. 

Measurements* 

M. 

Length  of  last  two  inferior  molars 0060 

Length  of  last  molar 0034 

Width  of  last  inferior  molar 0020 

Depth  of  ramus  at  last  inferior  molar 0045 

Length  of  last  premolar 0030 

Elevation  of  last  premolar 002S 

Pkototomus  jARROvn,  sp.  not. 

This  Carnivore  is  of  considerably  larger  proportions  than  either  of  the  preceding.  It 
is  readily  recognized  as  pertaining  to  the  same  genus  by  the  identical  form  of  the  last 
two  inferior  molars,  which  are  quite  different  from  the  corresponding  ones  in  Oxya^na 
and  other  genera.  These  indeed,  with  the  portion  of  the  mandibular  ramus  which  snp- 
ports  them,  are  the  only  well-preserved  remains  of  this  animal  as  yet  in  our  possession. 
They  indicate  an  animal  of  the  size  of  the  gray  fox.  In  the  last  molar,  the  inner  ante- 
rior tubercle  is  double,  though  low  and  obtuse.  It  differs  from  that  in  (he  species  last 
enumerated  in  the  presence  of  only  two  tubercles  on  the  posterior  portion  of  the  crown 
instead  of  three,  one  being  terminal  and  the  other  on  the  middle  of  the  outer  side. 
There  are  but  two  on  the  posterior  end  of  the  penultimate  tooth,  and  all  are  low  and 
unconnected  excepting  by  the  distinct  rim  of  the  crown.  The  center  of  the  crown  is 
thus  concave.  The  rim  is  interrupted  by  notches  between  the  tubercles  on  the  outer 
side.    No  cingulum  on  inner,  a  weak  one  on  outer  side.    Enamel  smooth. 

The  form  of  the  molars  is  rather  stout,  and  the  ramus  is  thick  and  not  deep,  and 
with  broad,  simple,  lower  border  below  the  molars. 

Measurements, 

Length  of  last  lower  molar 0O70 

Wi*in,5  anteriorly 0045 

^^^^^'^l  posteriorly OOsJO 

Width  of  penultimate  behind 0050 

Elevation  of  anterior  cusp  of  last OO30 

Depth  of  ramus  at  last  molar 0140 

This  species  is  dedicated  to  my  friend  Henry  C.  Yarrow,  M.  D.,  to  whom  was  com- 
mitted the  charge  of  that  party  of  the  survey  to  which  I  was  attached,  and  to  whose 
zeal  in  the  cause  of  the  natural  sciences  the  success  of  the  special  expedition  is  largely 
due. 

LiMNOCYON  PROTBNU8,  Sp,  nOV, 

A  civet-like  Carnivore  represented  by  one  entire  and  a  portion  of  the  other  mandibu- 
lar ramus,  with  teeth  well  preserved,  agrees  in  generic  characters  with  the  specie« 
referred  by  Professor  Marsh  to  his  genus  Limnocy<mi  but  differs  from  them  all  in  Its 
superior  size.  The  molars  are  i,  but  the  first  molar  is  like  the  premolars  of  the  Ca- 
mdcpj  except  in  a  slight  widening  of  its  posterior  basis  by  the  development  of  a  broad 
cingulum  on  the  inner  side  and  round  the  basal  lobe  behind.  From  this  point  it  ex- 
tends forward  on  the  outer  side  to  the  beginning  of  the  anterior  basal  lobe,  and  there 
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ceasea.  The  second  molar  has  the  anterior  portion  elevated,  supportinfi^  three  cusps  and 
a  large  heel,  with  lateral  and  sub-median  cutting  edges.  The  last  molar  is  smaller, 
elongate,  oval,  and  two-rooted,  with  marginal  posterior,  intermarginal  external,  and 
two  anterior  tubercles,  of  which  the  inner  is  bifid.  The  ramus  is  slender,  and  the 
symphysis  elongate.    The  angle  is  not  incurved.    First  premolars  one-rooted. 

Meantremente, 

M. 

Length  of  dental  series 0680 

Length  of  four  premolars 0340 

Length  of  first  molar 0105 

Length  of  second  molar 0100 

Width  of  second  molar 0055 

Length  of  third  molar 00!?0 

Width  of  third  molar  in  front 0040 

Depth  of  ramus  at  third  premolar 0130 

Depth  of  ramus  at  last  molar 0150 

Alligator  ciiamknsis,  sp.  nov. 

Represented  by  portions  of  the  mandibular  arch  of  a  small  crocodilian  resembling  in 
some  respects  the  A,  hettrodon  of  the  Wyoming  beds.  The  posterior  teeth  have  the  same 
short,  expanded,  sessile,  bean-shaped  crowns,  with  a  median  longitudinal  ridge,  and 
more  delicate  lini-s  radiating  close  together  from  it  to  the  border  of  the  crown.  The 
anterior  teeth  differ  in  being  cylindrio  iustead  of  compressed.  There  is  a  large  canine 
preceded  and  followed  by  teeth  of  much  smaller  size. 

Measurements, 

M. 

Length  of  symphysis 019 

Length  of  alveoli  of  six  teeth  from  symphysis .^ 022 

Width  of  ramus  just  behind  symphysis 010 

Long  diameter  of  posterior  tooth 005 

The  specimens  selected  as  type  is  one  of  the  smallest.  The  surface  of  the  bones  is 
ronghened  with  pits. 

PlASTOMENUS  LACHRYMALIfi,  Sp.  nOV, 

The  largest  species  of  the  genus,  and  abundantly  represented  in  the  Eocene  of  New 
Mexico.  The  costal  bones  are  rather  finely  puncrate,  the  posterior  as  well  as  the  an- 
terior. The  anterior  costal  bones  are  crossed  by  numerous  ridges  from  side  to  side 
obliquely  ;  the  obliquity  increasing  posteriorly.  On  the  posterior  bones,  they  are 
broken  into  vertical  bars,  separated  by  considerable  intervals,  and  of  linear  form. 
The  posterior  costals  reach  a  thickness  of  O^-OOe  and  a  width  of  0".025. 

The  pitting  of  the  posterior  part  of  the  carapace  distinguishes  this  species  from  the 
P.  atiemius, 

PART  U. 

In  addition  to  the  investigations  pursued  in  the  regions  already  indicated,  and  of 
which  some  of  the  new  species  have  been  described,  it  may  be  stated  that  a  careful 
examination  was  made  of  the  extensive  lacustrine  deposits  in  the  valley  of  the  Rio 
Grande. 

These  deposits  are  supposed  to  commence  to  the  northward  of  Taos,  N.  Mex.,  and 
continue  to  an  unknown  distance  southward,  certainly  at  least  fifty  miles  beyond 
Santa  F^,  and  occupy  that  portion  of  the  valley  between  the  Rocky  Mountains  in  the 
east  and  the  Jemez  range  in  the  west,  and  have  been  stated  as  late  Tertiary,  but  with- 
out special  detenniuation  or  co-ordination  with  the  other  known  lacustrine  formations 
of  this  continent.* 

Abundant  material  having  been  obtained  by  the  party,  it  is  easy  to  determine  the 
fauna,  whose  remains  are  entombed  in  it,  to  be  a  part  of  that  already  described  by  Dr. 
Leidy  and  the  writer  as  occurring  in  Dakota  and  Colorado  under  the  name  of  Pliocene. 
This  conclusion  is  indicated  by  the  presence  of  the  genera  Hippotherium,  ProtokippuSf 
ProcameluSf  Comryx,  and  MerycMppuSf  and  known  Pliocene  species  of  other  genera, 
among  which  may  be  mentioned  CaniSy  Aoeratheriumf  &c.  In  addition  to  species 
already  known,  a  number  new  to  science  were  obtained,  of  some  of  which  descriptions 
are  here  given. 

Martes  nambianua,  «p.  nov. 

Represented  by  a  mandibular  ramus,  which  supports  three  teeth.  The  anterior  blade 
of  the  sectorial  is  rather  obtuse. 

*  The  new  species  described  from  the  valley  of  the  Rio  Grande  were  discovered  from 
August  20  to  September  1, 1974.  f  ^  i 
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The  first  premolar  is  one-rooted ;  the  second  and  third  are  without  posterior  coronal 
lobes,  bat  exhibit  small  basal  lobes,  both  anterior  and  posterior.  The  anterior  of  the 
second  is  rather  elevated,  and  the  entire  crown  is  directed  obliqnely  forward.  Canine 
compressed;  mental  foramina  below  the  second  and  third  premolars. 

Measurements, 

K. 

Length  of  three  premolars 006 

Elevation  of  anterior  lobe  of  sectorial .002 

Depth  of  ramus  at  anterior  lobe  of  sectorial 003 

This  species  is  of  smaller  size  than  the  M,  mustelinus,  Cope,  and  the  sectorial  tooth 
less  elevated  and  trenchant. 

COSORYX  RAMOS  us,  »p.  IIOV. 

Char,  ^ew.— Inferior  molars  prismatic,  f ;  the  premolars  all  sectorial,  last  with 
short  branch-crestB.  Molars  with  basal  iutercolnmnar  tubercles.  Horns  snperciliarj, 
solid,  branched.  This  genus  was  indicated  by  Dr.  Leidy  from  a  horn  of  the  species 
known  to  him,  the  Cosoi'yx  furcatus^  from  the  Pliocene  beds  of  the  Niobrara.  The  same 
or  a  similar  species  has  left  abundant  remains  in  the  Santa  V6  marls,  and,  in  connec- 
tion with  the  more  numerous  C.  ramosus,  has  enabled  me  to  determine  the  dental  and 
other  characters  of  the  genus.  After  a  careful  examination  of  the  horns  of  these  spe- 
cies in  my  possession,  those  of  eighteen  individuals  (at  least  I  find  that  of  ten  where 
the  basal  portion  is  preserved)  the  beam  has  been  broken  off  and  reunited  by  anchy- 
losis in  six.  In  most  of  these  the  spot  is  marked  by  a  ring  of  exostosed  tuberosities, 
like  those  constituting  the  burr  of  the  deer's  horn.  On  a  specimen  of  this  character, 
pertaining  to  a  third  species,  Professor  Leidy  based  his  Cei'vus  warreniij  which  may 
now  be  called  Cosoryx  warrenii.    It  is  abundant  in  the  Santa  F^  marls. 

The  fracture  has  taken  place  in  every  instance  at  a  point  as  far  above  the  frontal 
bone  as  the  burr  of  deer  is  situated,  and  is  irregular  in  outline,  higher  on  the  one  side 
than  the  other.  In  some  of  the  specimens  the  smaller  antlers  are  also  broken,  and  ex- 
hibit a  similar  burr,  but  the  terminal  portion  is  usually  lost.  In  one  specimen,  a  broken 
antler  is  anchylosed  in  the  usual  manner  of  overlapping  ends.  The  horns  are  solid, 
the  center  having  a  narrow,  spongy  axis.  The  surface  is  dense  and  marked  by  arterial 
grooves,  but  not  pierced  by  noticeable  foramina.  >^ 

It  is  evidently  a  question  whether  this  genus  should  be  referred  to  the  hollow  or  solid- 
horned  Euminafitin ;  to  the  Bovidoe^  or  Cervidce,  The  horns  might  be  regarded  as  those  of 
deer  were  it  not  for  the  occasional  specimens  without  burr,  while  the  teeth  are  both 
cervine  and  bovine.  We  way  here  draw  such  inferences  as  we  can  respecting  the 
nature  of  the  covering  of  the  horn.  That  the  fractured  beam  should  not  be  loat  in- 
dicates the  presence  of  some  kind  of  covering  to  retain  it.  That  this  covering  was  not 
horny  is  probable  from  the  fact  that  the  horns  are  branched*  a  structure  impossible  to 
the  BovidfPy  since  antlers  effectually  prevent  the  usual  mode  of  increase  of  horn  by  ad- 
ditions at  the  base  and  removal  at  the  extremity.  That  such  covering  protected  arte- 
ries, which  aided  in  the  production  of  burrs,  is  also  probable.  We  may  thus  believe  it  to 
have  been  dermal  like  that  of  the  giraffe,  or  the  Antilocapray  at  the  period  of  immaturity 
of  its  homy  sheath. 

It  may  be  concluded,  then,  that  the  genus  Cosoryx  represents  the  ancestral  type  of  the 
CervidcVf  and  explains  the  origin  of  the  remarkable  type  of  horns  of  that  family  as  fol- 
lows: Ruminants  with  fixed  horns  of  structure  more  dense  and  brittle  than  others  of 
the  same  type,  in  their  annual  combats  at  the  rutting-seasou,  very  frequently  broke 
the  beams  off  not  far  above  the  base.  The  usual  location  of  nutrition  followed,  which, 
being  annually  repeated,  became  as  periodical  in  its  return  as  the  activity  of  nutrition 
of  the  reproductive  system.  This  activity  ceasing,  the  horn,  being  dense,  lost  its 
vitaltty,  the  more  so  as  the  normal  covering  would  nave  alrea<ly  perished  in  it8  distal 
portions.  The  natural  consequence,  the  separation  of  the  dead  trom  the  living  bone 
by  suppuration,  would  follow.  This  process  would,  however,  probably  require  a  longer 
time  for  the  establishment  of  its  periodical  return  than  the  fracture  and  attachment  of 
the  existing  horn. 

This  appears  to  be  the  only  explanation  of  the  origin  of  the  phenomena  exhibited 
by  the  horns  of  the  Cervidce,  and  is  suggested  by  the  specimens  of  Cosoryx  to  be  de- 
scribed. 

Char,  specif, — ^This  species  is  larger  than  the  C,  furcatus,  Leidy,  and  differs  from  the 
C.  warrenii  in  possessing  two  antlers  instead  of  one,  of  which  the  first  is  given  off  at 
a  point  much  farther  from  the  base  than  in  that  species. 

The  beam  near  the  base  is  curved  a  little  inward,  and  is  semicircnlar  in  section,  the 
outer  face  being  slightly  concave,  the  inner  very  convex.  The  base  is  situated  a  short 
distance  within  the  free  superciliary  border.  The  beam  becomes  more  cylindric,  and  then, 
expanding  in  a  fore  and  aft  direction,  gives  off  an  antler  at  right  angles  nearly  parallel 
to  the  cranial  axis.  At  a  distance  little  over  half  the  elevation  of  the  first  antler,  the 
beam  gives  off  a  second  in  a  plane  tranverse  to  the  axis  of  the  skulL  The  terminal 
portion  of  the  beam  is  cyhndric,  curved,  and  acute  at  the  apex. 
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Mandibles,  with  teeth  of  two  species  of  this  genus,  wore  found,  the  smaller  of  which 
occurring  with  the  other  portions  of  Cfurcatus,  belong  to  it.  The  larger  differs  in  the 
eleyation  of  the  intercrescentic  column  of  tbe  first  molar,  which  is  worn  into  a  loop  at 
ordinary  maturity  ;  this  may,  however,  be  bnt  an  individual  variation.  The  diastema 
is  long  and  the  ramus  of  that  point  quite  slender. 

Mea9uremffnt8. 

H. 

Long  diameter  of  base,  No.  1 016 

Long  diameter  of  base,  No.  2 020 

Elevation  of  first  antler  from  base.  No.  1 060 

Elevation  of  second  antler  from  first,  No.  3 042 

Length  of  terminal  part  of  beam,  No.  4 0% 

Length  of  molars  2-5,  No.  5 037 

Length  of  molars  4-5,  No.  5 022 

Length  of  fifth  molar • 012 

Width  of  fifth  molar 006 

COSORYX  TER£S,  «p.  ftOf. 

Established  on  the  connected  frontal  bones,  supporting  the  horns  of  one  specimen, 
and  represented  by  portions  of  horns  of  two  others.  The  former  individual  is  larger 
than  any  one  belonging  to  the  other  species,  and  the  species  is  doubtless  the  largest  of 
the  genus.  The  horns  stand  above  the  posterior  part  of  the  orbit,  which  excavates  its 
base,  and  presenting  a  considerable  face,  descending  into  the  temporal  or  zygomatic 
fossa.  There  is  no  ft'ee  superciliary  rim  outside  of  the  base  as  in  C.  ramosusy  Cope. 
The  section  of  the  beam  near  the  base  is  a  regular  oval;  the  long  axis  directed  longi- 
tudinally and  a  little  outward  in  front.  Tbe  beam  is  erect,  with  a  slight  curvature 
outward  at  the  inner  base  only.  So  far  as  preserved,  it  does  not  branch,  but  may  do 
so  in  its  distal  portion,  which  is  lost.  The  tissue  is  more  spongy  interiorly  than  in 
the  other  species ;  supraorbital  foramen  far  within  the  superciliary  border. 

Measurements. 

H. 

Outer  width  between  bases  of  horn-cores 112 

Inner  width  between  bases  of  horn-cores 056 

Width  of  temporal  fossa  behind  horns 053 

Long  diameter  of  horn-core 02^ 

Short  diameter  of  horn-core 021 

Length  of  part  preserved 033 

This  species  was  as  large  as  the  Antilocapra  americana  of  the  plains. 

Hespekomys  loxodon,  sp.  nav. 

An  entire  mandibular  ramus,  with  all  the  teeth  preserved,  was  fonnd  in  the  same 
deposits  as  the  preceding  species.  Molars  subequal,  short-crowned ;  triturating  sur- 
face sigmoid.  The  apices  of  the  sigma  on  the  inner  side  tubercular,  and  anterior  to 
the  outer  apices.  First  molar  with  an  additional  transverse  crest  in  front.  Incisor 
compressed ;  oater  angle  of  enamel  face  rounded  smooth.  Molar  series  oblique,  rising 
anteriorly. 

Measurements. 

M. 

Length  of  molar  series 0050 

Length  of  first  molar 0018 

Depth  below  Inst  molar,  (inner  side) 0030 

Depth  below  first  molar 0045 

Depth  of  incisor 0015 

Depth  at  diastema 0027 

Panolax  sanctjefidki,  gen.  et  sp.  nov. 

Char.  gen. — Molars  prismatic,  transverse,  except  the  first  and  last ;  each  divided  by  a 
plate  of  euarael  extending  transversely  from  the  inner  side.  Anterior  molar  longitu- 
dinal ;  posterior  molar  composed  of  two  columns. 

This  genus  is  represented  by  numerous  teeth  and  portions  of  the  cranium.  It  evi- 
dently belonged  to  the  LeparidcBj  and  is  allowed  to  both  Lepus  and  Palcpolagus.  As  the 
teeth  are  mostly  separate,  it  is  not  easy  to  determine  which  is  the  posterior  and  wnich 
the  anterior  molar.  Judging  by  the  analogy  of  the  known  species,  the  determination 
as  here  made  is  correct;  should  the  relations  be  reversed,  the  species  will  be  referred 
to  Palccolagns. 

Char.  A/;m/.— The  teeth  are  curved,  the  convexity  inward.  Inner  face  grooved,  the 
groove  occupied  by  cementum,  the  outer  border  compressed  either  without  or  with 
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very  shallow  groove.  First  molar  with  tritarating  surface  twice  as  long  as  wide,  with 
an  entering  loop  of  enamel  on  the  inner  side  anteriorly  narrower.  Last  molar  as  wide 
antero-posteriorly  as  transversely,  the  shaft  curved  backward,  the  posterior  colonm 
sub-cylindric  half  the  diameter  of  the  anterior. 

Meaaurements, 

Inch. 

Diameter  of  middle  n.oiar|  t?^^^^^^::"-■""^•^::v.•::^^^:v:.:-  ■!^ 
Diameterofflrstmoiar....  -tTe?^*«"-:;::::;;:::::;:::;:::;:::::::^     :JS 

Diameter  of  last  moiar...^-;;;^-?-*^™:/.;:::::::;::::::::::::::::^        Z 

Length  of  crown  of  last  molar 250 

This  species  is  about  the  size  of  the  northern  hare. 
Cathartes  umbrosus,  ep.  nav. 

Represented  by  numerous  portions  of  nearly  all  parts  of  the  skeleton,  in  excelleDt 
pres<;rviition.  The  beak  from  the  frontal  bone  to  near  the  apex  is  preserved  ;  it  dis- 
plays the  depression  Jnst  anterior  to  the  nares,  which  marks  the  anterior  bouudary  of 
the  cere.  The  culmen  is  nearly  horizontal  to  Jnst  beyond  this  mark,  and  then  exhibita 
a  gradual  decurvature  to  the  apex.  The  beak  is  strongly  compressed,  and  the  tomia 
strongly  decurved,  forming  an  open  festoon,  whose  middle  point  marks  one-fourth  the 
length  of  the  beak  from  the  nares.  The  latter  are  directed  obliquely  downward  and 
forward,  narrowing  anteriorly  and  having  a  prominent  inferior  bounding  ledge. 

The  mandible  is  weak,  the  symphisis-marking  on  half  the  length  of  the  beak  from 
the  anterior  angle  of  the  nares. 

Tlie  bones  of  the  anterior  extremities  exhibit  large  and  powerful  proportions,  ^ 
compared  with  the  posterior,  appropriately  to  capacity  for  sustained  flight.  The  head 
of  the  humerus  is  mnch  compressed,  and  the  articular  face  is  nearly  divided  into  two 
by  the  deep  bicipital  groove.  The  head  of  the  femur  is  small,  and  the  rotular  face  a 
wide  and  deep  groove. 

The  tibia  is  slender,  the  shaft  much  compressed,  with  a  prominent  ridge.  The 
cnemial  crest  is  short,  and  not  produced  downward  on  the  shatt.  The  distal  posterior 
bridge  is  narrow  and  oblique.  The  tarso-metatarsus  has  a  strong  exterior  crest,  which 
constitutes  half  the  width  of  the  shaft. 

Measurements, 

Inrb. 

Length  of  beak  from  base  of  culmen,  (axial) LW 

Length  of  beak  from  cere  to  apex,  (axial) 1.20 

Depth  of  beak  at  culmen ^ 

Depth  of  premaxillary  at  festoon To 

Length  of  sy mph^vsis O 

Length  of  nares -- :n 

Width  of  palate  at  festoon ^' 

Width  of  head  of  humerus 1^ 

Width  of  condyles 1.13 

Width  of  distal  end  of  femur 94 

Width  of  head  of  tibia i^l 

Width  of  condyles  of  tibia ♦« 

Width  of  condyles  of  tarso-metatarsus 75 

Length  of  a  tii-st  phalanx l.li 

Length  of  seven  sacral  vertebrae •- 1.^7 

Length  of  two  dorsal  vertebriB 1,1:* 

Depth  of  a  dorsal  vertebra,  (total) 98 

Depth  of  a  dorsal  vertebra  to  roof  of  arch 44 

Depth  of  centrum  of  roof  of  arch .^ 

W^idth  of  centrum  of  roof  of  arch .33 

Length  of  two  cervical  vertebrre l.li 

Depth  of  two  cervical  vertebrsB  to  apex  of  neural  spine 44 

Depth  of  articular  face  of  centrum 17 

Width  of  articular  face  of  centrum -.-.. j£f 
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APPENDIX  GG. 

ANNUAL  REPORT  OP  MAJOR  J.  W.  BARLOW,  CORPS  OF  ENGI- 
NEERS, FOR  THE  FISCAL  YEAR  ENDING  JUNE  30, 1874. 

Engineer  Office,  United  States  Army, 

New  LondoUj  Conn.y  August  10, 1874. 

General:  I  have  the  honor  to  present  herewith  my  annual  report  as 
engineer-officer  of  the  Military  Division  of  the  Missouri  on  the  staff  of 
the  Lieuteuant-General  commanding  for  the  fiscal  year  ending  June  30, 
1874. 

I  am  indebted  to  Prof.  T.  H.  Safford,  of  the  University  of  Chicago,  for 
the  principal  portion  of  the  astronomical  calculations  and  a  large  share 
of  the  Held- work. 

It  is  to  be  regretted  that  the  transits  used  proved  inadequate  for  nice 
work ;  but,  suspecting  this,  three  independent  results  for  the  longitude  of 
Bismarck  have  been  obtained,  and  our  personal  equation  eliminated. 
These  results  not  differing  largely  from  each  other,  either  one,  or  their 
mean,  may  be  safely  taken  as  a  close  approximation  to  the  true  longi- 
tude sought. 

Very  respectfully,  your  obedient  servant, 

J.  W.  Barlow, 
Major  of  Engineers, 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  U.  S.  A, 


EXPLORATIONS  AND  SURVEYS,  MILITARY  DIVISION  OF  THE  MISSOURI. 

Stirveys  and  explorations  have  been  conducted  by  the  engineer-ofS- 
cers  of  the  several  departments,  the  results  of  which  have  usually  been 
forwarded  to'division  headquarters,  where  they  have  been  compiled  for 

ilitary  and  geographical  purposes. 
mAstronomical  determinations  have  formed  an  important  part  of  these 
surveys,  by  which  erroneous  positions  of  many  points  have  been  cor- 
rected. 

From  this  office,  by  Major  Barlow  and  Professor  Safford,  were  deter- 
mined the  longitude,  by  telegraph,  of  Bismarck,  on  the  Missouri  River, 
the  present  teraunus  of  the  Northern  Pacific  Railroad,  and  the  latitude^ 
by  the  prime- vertical  method,  of  Bismarck  and  Fargo.  A  report  in 
detail  of  this  work  is  submitted. 

The  usual  work  of  revising  the  maps  of  the  military  division  has  been 
continued  during  the  year.  To  this  end,  information  has  been  collected 
from  all  possible  sources,  including  railroad  and  land-office  surveys, 
scouting  parties,  and  expeditions  sent  out  specially  to  obtain  geograph* 
leal  and  topographical  information. 

The  following  office- work  has  been  completed: 

•I. — LITHOGRAPHIC  PUBLICATIONS. 

1.  Corrections  and  additions  (office-compilations)  upon  the  War  De« 
partment  map  of  Kansas,  Indian  Territory,  and  Texas. 
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2.  Map  of  Yellowstone  River,  from  Fort  Buford  to  month  of  Powder 
River;  Captain  Ludlow's  survey. 

3.  Map  of  a  part  of  Indian  Territory,  vicinity  of  Fort  Sill,  prepared 
by  Lieut.  Col.  J.  W.  Davidson,  Tenth  Cavalry. 

4.  Scout  from  Fort  Russell  to  North  Park  and  Laramie  Plains ;  Gen- 
eral Sheridan's  party. 

5.  Eastern  Mexico  and  a  part  of  Texas,  (office-compilation.) 

II.— MILITARY  RESERVATIONS  AND  POSTS. 

Maps  of  all  the  reservations  in  the  division  and  plans  of  the  posts— 
about  sixty  of  each — have  been  constructed  to  a  uniform  size  of  4  by  7 
inches,  and  carefully  drawn,  with  a  view  of  having  them  engraved  to 
illustrate  the  outline-descriptions  of  posts  in  the  Military  Division  of 
the  Missouri,  being  prepared  at  the  headquarters  of  the  division. 

The  work  of  engraving  these  maps  on  copper-plates  by  an  enlisted 
man  of  the  Army  has  been  commenced,  and  an  agreement  for  doing  the 
printing  at  a  moderate  expense  has  been  made. 

III.— NEW  MAP  OP   WESTERN  TERRITORIES. 

Authority  for  continuing  the  engraving  upon  stone  of  the  new  map 
of  the  Western  Territories  on  a  scale  1-^-2000000  (one  sheet  of  which 
was  published  last  year)  having  been  suspended,  and  the  draughtsman's 
time  employed  upon  more  pressing  matters,  but  little  progress  has  been 
made  during  the  season  upon  that  important  work.  As  stated  iu  my 
last  annual  report,  two  additional  sheets  are  nearly  ready  for  the  en- 
graver, and,  now  that  recent  explorations  have  added  materially  to  the 
previous  knowledge  of  the  region  covered  by  these  sheets,  I  would  re- 
pectfuUy  recommend  that  this  office  be  given  the  necessary  authority  to 
have  them  completed  and  engraved. 

This  map  was  projected  to  embrace  the  territory  lying  west  of  a  line 
drawn  near  the  eastern  boundaries  of  Minnesota  and  Texas,  and  was  to 
have  been  engraved  in  six  sheets,  each  19  by  25  inches ;  four  of  these  coiUd 
readily  be  completed,  making  a  map  about  38  by  50  inches,  extend- 
ing to  the  western  limits  of  the  Military  Division  of  the  Missouri.  This 
would  be  a  valuable  and  convenient  map  for  military  and  geographic^il 
purposes. 

Pursuant  to  Special  Orders  No,  140,  War  Department,  Adjutant- 
General's  Office,  Washiugton,  June  26,  1874,  I  was  relieved  from  tlie 
staff  of  the  Lieutenant-General,  and  the  charge  of  the  office  was  trans- 
ferred to  Major  G.  L.  Gillespie. 

Statement  of  funds. 

Amoaut  OD  baud  June  30, 1873 $510  6r5 

Amoant  received  during  year .'....: 6,000  W 

Amount  expended 5,684  li 

Amount  on  band  June  30, 1874 d5J6  .V 

Amount  available  July  1,1874 $2,500  0^' 

Amount  desired  for  fiscal  year  ending  June  30,  1876 10, 000  Oi> 

DETERMINATION  OF  THE  LATITUDE  AND  LONGITUDE  OF  BISMARCK, 
DAKOTA,  AND  OF  THE  LATITUDE  OF  FARGO,  DAKOTA, 

The  instruments  used  were,  at  Du  Luth,  a  transit  by  Patton  &  Son, 
marked  U.  8.  Topographical  Bureau  No.  1 ;  manifestly  an  old  iustru- 
mout,  but  recently  repaired.    The  images  given  by  its  telescope  were 
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very  bad,  so  that  it  became  impossible  to  adjust  the  wires  in  the  focus 
with  any  accuracy.  As  will  be  seen  by  the  results,  it  is  an  inferior  instru- 
ment ;  although,  so  far  as  the  level  of  its  axis  would  indicate,  it  is  reason- 
ably good,  being  very  firm  in  its  mechanical  construction. 

The  instrument  employed  at  Bismarck  was  a  Wiirdeniann  No.  13.  The 
object-glass  was  bad,  but  for  the  time  being  was  replaced  by  a  better; 
this  latter  glass  has  since  been  transferred  to  Patton  No.  1.  Both  in- 
struments have  nearly  the  same  focal  distance  and  aperture ;  about  25 
inches  and  2  inches  respectively.  The  Wiirdemann  transit  gave  at  first 
some  trouble,  from  the  fact  that  the  eye-piece  would  slip  away  from  the 
object-glass,  altering  the  focal  distance  when  the  telescope  was  pointed 
nearly  at  the  zenith. 

No  chronograph  was  used  5  the  observations  were  of  two  kinds,  eye 
and  ear,  by  the  usual  method,  combined  with  signals  sent  by  hand  from 
the  chronometers,  and  star-transits  sent  telegraphically  and  noted  by 
the  recorders  at  both  ends  of  the  line.  The  nights  when  the  latter 
method  was  employed  gave  each  two  results ;  one  from  the  eye  and  ear 
transits,  and  the  other  according  to  the  second  method.  These  two 
results  were  effected  with  different  personal  equations,  but  were  very 
nearly  independent  of  each  other.  Although  the  star-transits  served  as 
arbitrary  signals  also,  I  do  not  apprehend  that  they  introduced  any  new 
error,  as  their  results  for  both  directions  of  the  current  dift'er  very 
little. 

The  telegraph-line  was  in  such  excellent  condition  that  the  wave- 
time  is  very  small,  and  masked  under  the  personal  equations  of  sending 
and  receiving  signals.  The  personal  equation,  0^59,  between  Colonel 
Barlow  and  Professor  Safford  was  determined  by  three  nights'  observa- 
tions in  June,  1874.  It  has  the  same  sign  as  the  value  0^39  between 
Mr.  MacConnel  and  Professor  Safford,  determined  by  exchange  of  ob- 
servers during  a  series  of  observations  made  in  November,  1873,  to 
fix  the  west  line  of  Wyoming  Territory  5  Professor  Saflford's  clock-cor- 
rections being  smaller  than  those  of  the  other  two  observers. 

The  value  0*.35  derived  from  the  star-signals  includes  a  different  per- 
sonal equation  for  the  two  recorders.  It  was  obtained  by  a  comparison 
of  the  individual  nights'  results  by  this  method. 

The  latitude  of  Bismarck  was  determined  by  observations  with  the 
transit  Wiirdemann  No.  13  in  the  prime  vertical.  The  transits  of  the 
same  star  across  the  prime  vertical  were  not  obtained ;  it  was  preferred 
to  use  transits  both  east  and  west  of  the  meridian  of  different  stars,  but 
about  the  same  time. 

This  method  has  the  advantages  that  each  star  gives  a  result }  that 
the  operations  can  be  rapidly  conducted,  and  so  as  to  eliminate  all  instru- 
mental errors.  Were  the  level  always  upon  the  axis  and  a  chronograph 
at  hand,  it  is  believed  that  it  would  give  results  of  greater  accuracy  than 
the  zenith- telescope ;  the  more  as  there  is  no  necessity  to  include  stars 
not  well  observed  at  the  fixed  obseiVations. 

The  latitude  of  Fargo  was  determined  by  a  few  observations  made 
October  13,  between  flying  clouds,  to  be  46°  52'  48"  by  the  same  method. 
It  became  completely  cloudy  after  three  stars  had  been  observed  in  the 

reverse  position  of  the  instrument. 

•  •  •  •  •  •  • 

39  ENG 
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Latitude  of  Biamarcky  from  observations  made  October  9, 1873,  in  the — 


Stpar^s  name. 


No. 
B.A.C. 


Hercnlis 

LacertBB 

itndromedsB 

Herculis 

Andromedte 
Andromedae 

Lyr© 

Lyrae 

Andromedss 

LyrsB 

Cygiii 

Andromedas 
AndromedflD 

Cygni 

Cygni  

Andromeda3 

Pcrsei 

18  I  6    Cygni 


5886 

7850 

8023 

6082 

52 

8229 

6392 

6581 

259 

6599 

7022 

502 

480 

7277 

7544 

628 

871 

7398 


E.or 


W. 
E. 
£. 
W. 
£. 
E. 
W. 
W. 
E. 
W. 
W. 
E. 
E. 
W. 
W. 
E. 
E. 
W. 


T+ A« 


SO  17  3.00 
22  15.23 

42  41. 02 
49  36. 32 

21  19  13. 14 
30  29.68 
36  19.20 
52  11.80 
56  59.  74 

4  5.18 
51  18.64 

0  33. 32 

5  48.26 
17  15.08 
35    6.80 

43  39.  96 
49  40.  78 
55  50.46 


h.  m.    8. 
17  19  18. 58 

22  25    2.63 
56    7.26 

17  51  54. 38 

0  10  30.  42 

23  31  57. 33 

18  40  24.  71 

19  9  26. 95 
I  0  49  45.  46 

19  11  58.58 

20  17  41.56 
,  1  33    8.51 

1  29  24. 01 

20  52  27.  92 

21  35  13.  96 

1  56    9.  76 

2  42  37. 53 
21  12  27.  41 


37  15  58.1 
42  28  43.  3 

41  38  58. 3 
37  16  16.  8 
37  58  54.  9 

42  34  15.3 

37  28  37.2 

38  55  58.2 
37  48  55. 0 
37  54  44. 5 

39  51  22.  4 

39  56  14.6 

40  46  27.  2 

40  41  3.  6 
42  42  12. 0 

41  43  24.  3 

37  47  54  0 

38  52    &1 


46  49 
47 

47 
49 
47 

48 

47 

48 
48 
47 
47 
48 
48 
47 
47 
48 


6.05 
57.63 
55.64 
07.21 
22.88 
39.29 
51.00 
46.12 
22.76 
48.58 
42.45 
33.19 
34.26 
36.02 
44.81 
4.5.  79 
37.48 
57.71 


Remarks. 


For  the  rotati'« 
and  meth(«l ,.' 
reduction,  sr» 
Chauvenei* 
AstTonomy.  II 
p.  SG9. 


Latitude  of  Bismarck^  from  observations  made  October  9, 1873,  in  the  prime  verfieaL 
log  soc  z  b  A  a 


log  tan  z 

1  

9.8267 

2 

9. 6089  n 

3 

9. 6538  n 

4 

9.8266 

5 

9. 8024  n 

6 

9. 6032  n 

7 

9. 8197 

8 

9.  7697 

9 

9. 8081  n 

10 

9.8054 

11  

9. 7345 

12 

13 

14 

9. 7306  n 
9.  6952  n 
9.  6997 

15 

9. 5962 

16     

9.  6500  n 

17 

9. 8087  n 

18 

9.7721 

0.081 
0.033 
0.040 
0.081 
0. 073  n 
0. 032  n 
0. 078  n 
0. 065  n 
0. 075  n 
0. 074  n 
0.056n 
0.055n 
0. 048  n 
0.  049  n 
0.031 
0.040 
0.075 
0.065 


—1.65 
—1.65 
—1.10 
—0.72 
+0.93 
+  1.22 
+  1.26 
+1.39 
+  1.43 
+  1.48 
+1.86 
+  1.93 
+1.96 
+2.02 
+2.12 
+2.17 
+2.18 
+2.18 


—44.22 
+26.78 
+29.70 
—44. 21 
+41.81 
+26. 43 
—43.  51 
—38.78 
+  42.36 
—42. 10 
—35.76 
+35.  44 
+32.67 
—33.01 
—26.01 
+29.43 
+42.  42 
—38.99 


Ce 

« 

Remarks. 

It 

o     /       // 

—3.19 

46  48  lao 

-«.44 

16.3 

—6.55 

17.7 

-7.19 

15.1 

_ 

+7.06 

12.7 

+6.43 

13.4 

+7.15 

15.9 

+6.93 

15.7 

+7.10 

13.6 

+7.10 

15.1 

+6.79 

15.3 

+6.78 

17.3 

+6.67 

15.6 

+6.69 

12.3 

—6.42 

14.5 

-6.55 

10.8 

[ 

—7.10 

15.0 

-6.93 

14-0 

1 

Adopted  values : 
a— 65".  90 
c—  5",  97 
Latitude.  46°  58'  14".6±0".31 


FiObable  error  of  1  observation,  ±  I".  30  by  aams  of  errors. 
±1".27  by  sums  of  squares. 
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LONGITUDE  OF  BISMARCK. 
Comparison  of  chronometer. 


Chronometer. 


Kind  of  time. 


Where  naed  and  when. 


Bond  279 '  Sidereal Da  Luth,  Minn.,  September  30  to  Oct4)ber  20,  1873. 

Adams  3768 |  Mean Bismarck.  Dak.,  September  30  to  October  20,  1873. 

Adams  3768 do I  Du  Luth,  Minn.,  October  19  and  20.  1873. 

Bood202 '  Sidereal i  Bismarck,  Dak.,  September  30  to -October  20.  1$73. 


1 
1 

Date.    1      Bond  279. 

Adams  3768. 

|1 

Mean  of  3768. 

Bond  202. 

Remarks. 

1873.     j     h.   m.      8, 
Sept,  30  '     22      0      0. 

1 

Oct.      5  '    23      3    19.23 
1              3    19. 08 

h.   m.      9. 

9      5    20.308    "W. 

h.   m.     8. 

h.   m.      ». 

20.337 
9    50      0. 

10    10      0. 

9    30      0. 

9      0      0. 

8  0      0. 

9  50      0. 

8  0      0. 

9  50      0. 

10    19    39.52 
10    19    39. 52 

£. 

w. 

E. 

W. 
E. 

W. 
£. 

W. 

9      5    20.32 

?  Mean  of  279= 
523      3    19.16 

?  Mean  of  279- 
523    27    21.54 

>  Mean  of  279- 
j;22    51    22.39 

21    26    18.98 
C22    29    58.31 

Oct      6       23    27    21.55 
27    21.53 

C22    54    04.32 

Oct.      7       22    51    28.36 
51    22. 41 

(22    17    57.79 

Oct.      8  '    22    25    13.92 

21    51     51.91 

C  Signals  received  at 
I    Du  Luth  missing. 

Oct    19       22    11    53.45 

0      2    11.79 

W. 
E. 

W. 
E. 

21    38    56. 26 
56.25 

23    29    14.86 
14.93 

21    38    56.25 

Oct    20  '      0    36      0.00 

2:i    29    14.90 

•  1 

0      3    06.67 
2:i    48    53. 50 

Obwrved    by  T.  H. 
Safford. 

Oct    20  1            23    16    0 



W. 
E. 

1              0    36    0 

1      8    53.50  '  ^    ii^tikfir. 

Note  No.  1.— Adopted  O""  9*  0«  Bond  279  =  Oi"  41«  53«.  44  Bond  2()2. 

XoTE  No.  2. — No  satisfactory  determination  of  wave-time  can  be  obtained  from  these  observations,  as 
they  are  inflnenced  by  irregularities  in  the  rate  of  the  chronometers,  and  were  not  chronograpbically 
registered.    The  amount  indicated,  however,  does  not  exceed  0.01  in  the  mean. 

The  signals  observed  were  very  numerous,  and  were  reduced  to  a  mean  epoch  by  one  or  the  other 
chronomtiter. 

For  ohs&'vations  of  clock-signaU  and  stars. 


Observer. 


Recorder  of  clock-signals. 


Mai  or  Barlow i  Mr.  Freeman 

Do ' do 

Professor  Safford.    Sergeant  Becker  and  Mr.  W.  H.  Wood 

Do j do 


Place. 


Du  Luth,  Minn 
Bismarck,  Dak. 

...do 

Du  Luth,  Minn 


Time. 


Sept.  30  to  Oct  8, 1873. 
Oct.  19  and  20, 1873. 
Sept.  30  to  Oct  8. 1873. 
Oct  19  and  20, 1873. 


Method  of  observing.— On  September  30,  and  October  5,  8,  and  19,  stars  were  observed  by  eye  and  ear 
and  clock-signals  sent  and  received  by  telegraph.  Ou  October  6, 7,  and  20,  some  stars  were  observed  by 
eye  and  ear,  and  others  were  observed  after  the  chronographic  method,  but  the  times  noted  at  both 
places  by  the  recorder.  These  dates  give  two  values  for  the  longitude :  the  one  from  the  eye  and  ear 
observations ;  the  other  from  the  8f«r-8ignals  sent  by  telegraph.  This  method  was  employed  chiefly  as 
an  experiment,  and  has  given  an  independent  value  for  the  longitude.  In  order  to  receive  ^he  ordinary 
clock-signals  with  accuracy,  the  mean-time  chronometer  (Adams  3768)  which  accompanied  Professor 
Safford  was  compared  with  the  two  sidereal  chronometers,  with  the  one  telegraphically  and  with  the 
other  by  coincidences. 
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LONGITXTDE  OF  BISMARCK. 
Clock-corrections,  Du  Luth,  Minn,,  Septemher  30, 1873. 


Star  8  name. 


^  Draconis 

0  Cygni 

4t  Cygnl. 

15  Cygni 

a  AqailsB 

c  Draconis 

3  TJntR  MaioTiB  (Hev) . 

9  AqailiB 

<c  Cephei 

e  Cephei 

a  Delphlni 

V*  Vtbsb  Majoris 

i    Oygni 

1  Pefrasi 

1_  Draconis  H 

Cephei 

Cephei 


11  Cephei  . 


Adopted,  for  21'»  ae* —9.20 


Clamp.  d  t 


«. 

w. 

-  1.  88* 

w. 

-  9.18 

w. 

-  9.00 

w. 

-  a43 

w. 

-  8.22 

w. 

-  9.34*^ 

E. 

-  9.23* 

E. 

-  9.17 

E. 

-  7.14* 

E. 

-  5.78* 

E. 

-  9.25 

"W. 

-10.38 

W. 

-12.25* 

W. 

-  8.99 

W. 

10.36 

W. 

-  fi.53* 

w. 

-  a  44* 

w. 

-  9.34 

w. 

-13.20* 

Bemarks. 


The  value  of  d  e  marked  with  an  a«tfr- 
iak  (*)  refers  to  stars  north  of  6v- 
north  declination. 


Star's  name. 


CJoch-oorrectionSj  Du  Luth,  Minn.j  October  5,  1873, 
dt 


h 


Delphini 

VulpecnliP  — 
Piazzl  XXI,  1. 

Cygni 

Pegasi 

Cephei 

Cephei 

Pegasi 

Pegasi 

Cephei 

Pegasi 

Cephei 

Pegasi 

Cephei 

Cassiopei»  . . . 

Pegasi 

Andromedte... 

Pegasi 

Andromedse. . 
Cassiopeia) — 
Androinedte... 
Andromedfe.. 
Gassiopeiffi . . . 

Piseinm 

Polaris 


Adopted,  for  231*  0*. 


Clamp. 


«. 

£. 

-f-  5.47 

E. 

4.93 

E. 

4.96 

E. 

4.46 

E. 

4.24 

E. 

3.31* 

E. 

4.28* 

E. 

4.28 

W. 

3.38 

W. 

6.10* 

W. 

4.46 

W. 

11-75] 

W. 

4.43 

W, 

3.57* 

W. 

4.11 

w. 

4.13 

W. 

3.86* 

W. 

3.97 

W. 

4.44 

£. 

4.42* 

E. 

3.59 

E. 

3.47 

E. 

4.66* 

E. 

4.24 

E. 

-f  9.25* 

+  4.22 


Remarka. 
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Chck'CorrectionSf  Du  Lufh,  Minn.y  October  6, 1873. 


613 


Star's  name. 


Clamp.!       d  t 


e      Aquilre I  E.  I        +7.66 

K      Cephei E.  7.50* 

Cephei ,  E.  1^        6.55* 

a      Delphini 1  E.  7.28 

Br.  2749 1  W.  )  -  .-* 

Br.  2749 E.    J  ®'*^ 

^      Cvgni ,  E.  ,           5.59 

1       Pegaal 1  E.  5.81 

13     Cj^phei i  E.  »           4.04* 

e      PUciiim W.  5.99 

ft     Andromedro W.  6.78 

Polaris W.  5.6t:* 

STAB-SIGNALS. 

n      Pepaai E.  .7.13 

«      Ct«phoi E.  6.92 

:J-2    Pcgasi E.  6.80 

6     Cephei E.  i           6.98 

V  Peeasi •  E.  6.61 

*      Cephei ;  E.  8.11 

0     Pegasi W.  6.88 

tr      Cephei '  W.  '           6.96 

T      Pegasi I  W.  ,           6.41 

V  Pegasi j  W.  ;           6.64 

B.1.C.8188 1  W.  +6.36 

Adopted  for  23*  19"  by  eye  and  ear  | 

observations , , 4-6.48 

Adopted  for  23*  19*  by  star-signals . ' -r  6. 73 


Remarks. 


Clock-corrections ^  Du  Luihj  Minn,,  October  7,  1873. 


Star's  name. 


3  Un?»  Midoris  (Hev) . 

K      Cephei 

d      Cephei 

a      Delphini 


alp< 


32  VuTpeculjD  .., 

a  Copbei 

y  Pefcasi 

V  AndromedfB.. 

K  CassiopeiflB  . . 


STAB-SIGNALS. 


74  Cygni... 

M  Pegasi . , 

14  Pegasi  . , 

i  Pegasi  ., 

IT  Pegasi  . , 

s  Cephei . . 

32  Pegasi    . 

6  Cephei  . , 

n  Pegasi  j. 

i  Cephei . . 


Adopted  for  22*  51*  by  eye  and  ear 

observations 

Adopted  for  22*  51^  by  star-signals 


Bemarks. 
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LONGITUDE  OF  BISMARCK. 
Clock-cofreciions,  Du  Luthj  Minn.^  October  8, 1873. 


Star's  name. 


'  Clamp. 


dt 


Bemarlcs. 


39 


AqnilflB 

Cephei 

Cygni 

Cepbel 

Delphini 

Cjgni 

V  alpecula^ 

Piazzi  XXr,  1 . 

Cygni 

Pegaat 

Cephei 

Cygnl 

Pegaai 

Cephei 

Pisciam 

Peeasi 

RA.C.8188... 

Cephei 

CassiopeiaB 

Pegaai 

AndromedaD... 
P©«a« 


Adopted,  for  82^  25-. 


W. 
W. 
W. 
W. 
W. 
E. 
E. 
£. 
E. 
E. 
E. 
E. 
E. 
E. 
£. 
B. 
E. 
W. 
W. 
W. 
W. 
W. 


». 

+  2.72 
-f  1.98* 
+  2..'i2 
-f  1.89* 
-f  2.07 
+  1.73 
+  2.13 
+  1.60 
+  S.11 
+  2.83 
+  2.9»i* 
+  2.95 
+  2.56 
+  3.24* 
+  2.57 
+  2.52 
+  2.04 
+  1.88 
+  2.38 
+  2.70 
+  2.79 
+  2.96 


+  2.45 


Clock-correciiona,  Du  Luih,  Minn.j  October  19, 1873. 


Star's  same. 


73 

y 

61 


Aqnilce... 
Cygnl  .... 
Draconia  . 


I>elphini 

Br.  2749 

Cj'gni,  pr.... 

cyg^i 

Pegasi 

B.A.C.7495. 
H.  Cephei... 

Cephei 

Pegasi 

Pegasi 

Pegaai 

Pegasi 

K  A.  C.  8026  . 

Pegasi 

Pegasi 

Pegasi 

Cephei 

Cassiopeia) . . 


Adopted,  for  22^  1£« . 
Adopted,  for    0^  2". 


Clamp.  d  t 


E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
W. 

vr. 

W. 
W. 
W. 
W. 
W. 
W. 
W. 

E, 

E. 

E. 

E. 

E. 


8. 

+24.62 
24.99 
25.67* 
Sis.  15* 
24.77 
23.93* 
24.79 
24.70 
25.09 
24.57 
2.^24 
24.40 
25.03 
25.46 
24.72 
25.32 
23.44* 
24. 2d 
24.92 
24.82 
25.69* 

+25.05 


Remarks. 


+24.92 
+24.82 
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Star's  name. 


I  Clamp.  I 


dt 


a  Lyrw 

v  Lyne 

t  Aqnilae  

0  Draconis 

S  Aqnilsb 

0  C.vgni 

<r  Draconis 

/?  Cephei 

14  Pegasi 

IGPegasi 

aoCephei 

24Cephei 

X  Cassiopein 

If  Pisciam 

V  Andromedas 

8TAR-8I0NAL8. 

ti  PegaM 

A  Pega«i 

fi  Pegasi 

B.A.C.7984 

0  Androme<lm 

1  Cassiopeia 

2  Cassiopein 

V  Pegasi 

72  Pegasi 

I    Andromedn..^ 

r  Cassiopeia) 

p  Cassiopeia 

85  Pegasi 

a  Andromedse 


Remarks. 


•e. 

E. 
£. 
E. 

W. 
W. 
W. 
W. 
W. 
W. 
E. 


W. 

w. 
w. 
w. 
w. 
w. 

E. 
E. 
£. 
E. 

E. 
E. 

£. 


i. 
23.22 
23.10 
22.98 
23.69* 
23.21 
24.14 
22.92* 
24. 34* 
24.37 
24.17 
25.09* 
23. 05* 
23.73 
23.74 
25.52 


24.14 
24.00 
23.83 
23.31 
23.63 
23.63 
24.25 
r2.'5.  42] 
24.01 
24.22 
23.30 
23.42 
24.12 
23.53 


I  hare  attempted  to  Improve  the  in 
etniniontal  constants  without  ranch 
success.  The  night's  result  is  less 
discordant  than  oaual. 


Adopted  d  I :  eve  and  ear  observations 
-♦-  23«.64  for  O"*  9" ;  sUi-signals,  + 
23«.81for0''9-. 


(Rate  assumed  zero.  The  stars  during 
the  night  indicate  an  increase,  those 
from  night  to  night  a  decrease  of  dt.) 


Clock-corrections f  Bismarck,  Dak,,  September  20, 1873. 


Star's  name. 


R.  A.  C.  6480  . 

^    Aquilffi 

i     LvriB 

T    Draconis  .... 

0   Cygni 

y    Aquilie 

<     Draconis 

Y  Sagitta) 

27  Cvgnl 

2ri  Cvgui 

2<J  Cvgni 

K    C»phel 

31  Pegasi 

6    LacertfB 

31  Cephei 

A    Pegasi 

n    Cpphei 

y    Piscium 

T    Pegasi 

V  Pegasi 


Clamp. 


Adopted,  for2l''.26- 


W. 
W. 
W. 
W. 
W. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
W. 
W. 
W. 
W. 


m.    8. 

-1  11.57 
11.55 
11.27 
11.50* 
11.67 
11.57 
12.36* 
11.68 
11.77 
10.97 
11.36 
10.65- 
11.14 
11.95 
11.  04* 
11.  42 
11.  24* 
11.29 
11.32 

-1  11.11 


-1  11.42 


Remarks. 


Digitized  by  LjOOQ  IC 


€16  liEPOUT    OF   THE   CHIEF    OF   ENGINEERS. 

LOXGITFDE  OF  BISMARCK. 
Clock-corrcctiona,  Bismarck^  Dalc.j  October  5,  1873. 

Star's  oame. 


25  Camelopardalis.  (Hev.)  S.  P. 

9    Lvne 

0   C'ygui 

e    Cygni  . 

o 

X 


CyfEiii 

Cvgni 

Cephei 

r    C;ygiii 

41  Cygni 

a    Cygni 

17    Cephei 

T    Pegaai..^ 

V    PegBHi 

70  Pegasi 

Ti  Pegasi 

y    Copliei 

41  H.  Cephei... 
p  Caroiopeiic  .. 
M    PifM^ium 

B.  A.  C.  8374  . 
a    AndromecUu . 


Adopted,  for  2S^  30"  . 


I  Clamp.  d  t 


E. 
E. 
E. 
E. 
E. 
E. 
W. 

w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 

E. 
E. 
E. 
E. 
E. 


VI.      |. 

— 1  19.00* 
19.29 
19.37 
19.27 
19.10    , 
19. 24 
19.  00* 
19.32 
19.29 
19.34 
19.  .'il* 
19.39 
19.14 
19.41 
19.44 
19.93* 
19.  41* 
19.08 
19.65 
19.fi2    i 

— 1  19.62 


Remarks. 


— 1  19.37 


Clock-correctionSj  Bismarck,  Dak.^  October  6, 1873. 


Star's  name. 


Clamp.  d  t        I 


Remarks. 


0  Lynp 

c    Aqaila> 

85  CaniolnnardaiiA,  (Hev.)  S.  P  . 

6    Draconis , 

s    Aqnilse 

*     Cygni 

15  Cygni 

a     AqullaB , 

Draconis 

cyif»l 

CygDl 


t 


STAB-SIONALA. 

0  Pegasi 

2    Cassiopeiee 

y    Pisciam 

T    Pegasi 

y    Pegasi 

8188 

^   Pegasi 

85  Pegasi 

0    Cassiopeia} 

y    Pegasi 

o    Andromeda) 


ADDITIONAL  POLAR  STARS. 

39  Cephei,  (Hev.) 

Y    Cephei 

6    Ursai  Minorls,  B 


E. 
E. 
E. 
E. 
E. 
W. 
W. 
W. 
W. 
W. 


m.    *. 

1  19.26 
19.30 
19.25' 
19.92* 
19.11 
19.47 
19.00 
19.24 
19.44 
19.10 
19. 26 


w. 

19.64 

w. 

19.64 

w. 

19.29 

w. 

19.14 

w. 

18.92 

w. 

[20.14] 

E. 

18.87 

E. 

19.36 

E. 

18.88 

E. 

19.10 

E. 

18.85 

Adopted,  for  22''  46"  by  eye  and 

ear  observations 

Adopted,  for  22'>  4^  by  star-signals. 


£. 


-  1 


21.  46* 
18.80 
19. 63* 


1  19.22 
1  19.18 
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LONGITUDE  OF  BISMARCK. 
CIock-cotrecHonSf  Bimnarckf  Dak.,  October  7,  1873. 


Star's  name. 


Clamp. 

I 


BemarkB. 


Lyra» E. 

Lyraj E. 

Camelopardalis,  (Hev.)  S.  P E. 

Draoonis E. 

Cy^ni E. 

Cygni E. 

Cyf^ni W. 

Aquilro W. 

Ursse  Minoria W. 

Cygiii W. 

CVphei 1  W. 

Cygni ;  W. 

Ophei E. 

PeKasi E. 

Pe^aal i  E. 

8TAB-8IGN'ALS.  i 

Cephei ,  W. 

Lacertjp W. 

LacertH3 1  W. 

Cephei I  W. 

Pegaai ,  W. 

Br.  3077 !  E. 

Ppgasi 1  E. 

Pegaal |  E. 

Pegaai  ^ E. 

Pegasi E. 

Adopted,  for  28^  18«  eye  and  ear  ob-  | 

aorvatioDs I 

Adopted,  for  22^  18"  by  star-signala  .  [ 


m.  8. 
-1  19.86 
19.  43 
19. 77* 
19. 19* 
20.03 
19.40 
19.41 
19.33 

17.  84* 
19.93 
20.29* 
19.44 

18.  99* 
20.09 
19.50 


19.88 
18.96 
lb.  99 
18.97 
19.34 
18.93 
19.07 
18.88 
19.39 
19.24 


.,  -1  19.66 
.1  -1  19.19 


ClocIC'Corrections,  Bwmarckf  Dak.^  October  8, 1873. 


Star's  name. 


a      Lyne 

{3     Ly  rce 

K     X<yr» 

V     Draoonis 

n     Lyra? 

T      Draoonis 

I       CvKoi 

0      Cygoi 

S      Cyf^Di 

a      Aquilic 

Adopted,  for  21^  52» 


Clamp.  d  t 


m.    *. 

w. 

-1  19.93 

w. 

19.98 

w. 

20.06 

w. 

19.  75* 

E.* 

19.91 

20.23* 

E. 

19.93 

E. 

20.25 

E. 

19.59 

E. 

-     19,65 

-I  19.94 

Remarks. 
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ClocJc'CorrecHonSy  Bigmarck,  Dak,,  October  19,  1873. 


Stars  name. 

Clamp. 

it 

Kemarka. 

a    Lvrn?  

E. 
E. 
K. 
E. 

i: 

E. 
E. 
W. 
W. 
W. 
W. 
AV. 
W. 
W. 
W. 
W. 
W. 
W. 
AV. 
E. 
E. 
E. 

1: 

E. 
E. 
E. 
E. 
E. 
E. 
W. 
W. 
W. 
W. 

m.        8. 

a    A  qiiiliP 

S  Instruments  not  jet  a^  us  ted. 

A    Ursa^  Minoris 

0    Aquilw 

—1  20.  52 
20.43* 
19.93 
20.79* 
20.54 
20.81 
20.77 
20.61 
20.72 
20.40 
20.80 
20.88 
19.20* 
20.65 
19.95 

K    Cephcl 

39  Cveni 

e    Cephei 

y    Delphini 

32  Vulpeculaj 

V    CvKni 

60  C'vKiil 

i    Cyjrui...; 

I  cypii :.:    :     : 

o  cySi :..:::::..:::::;:::. 

B.A.C.  7705 

24  Cephei 

31  Pejfasi 

3    LaoertSB 

18  HeisLacertic 

Starts  AK.  not  knn\rn 

20.85 
20.44 
21.01 
20.77 
20.14 
20.52 
20.84' 
20.87 
20.43 
20.78 
20.96 
20.85 
21.00 
20.75 
20.75 
20.66 
-1  20.  79 

—1  20.  54 
—1  20.  72 

10  Lacert» 

13  Lacert» 

/»   Pejcasi 

RA.C.  7995 

o    Andromedse , 

IT   Cephei 

p    GassiopeiflB 

B.A.C.8345 

RA.C.  8374 

a    Andromedn 

Y  Pega«i 

B.A.C.  100 

K    Cassiopeia) 

<    Andromedfie 

C    Andromeda) 

V    Andromedes , 

Adopted,  for  2I>«  39»  at 

Adopted,  for23^29",  at 

Clock-corrections y  Bismarck,  Dak,,  October  20,  1873. 


Star  8  name. 


39  Cvpnl 

B    Cephei , 

a    Delphini  ... 
Br.  2749.... 

C     Cygni 

o    ('yjmi 

a     Cephei 

74  Cygni , 

75  Cygni 

^     Cygni 

V  Cfpbei 

B.  A.C.7631  ... 

Y  CasMlopeia; . 
c      Piscium  ... 


STAB- SIGNALS. 


r     Cassiopeiie . . . 
B.A.C.  8296.... 

^r  Pegasi 

B.A.C.8345 

B.A.C.  8374.... 
a  Andromed(B  . 
o  Andromedfie  . 
Andromeda)  . 

A.C.,  100 

K    CaAHiopeiBB... 
C,     Cassiopeiie... 


&. 


W. 
AV. 

A\^ 

AV^. 
AV. 
AV. 
AV^. 

E. 

E. 

E. 

E. 

E. 
AV. 
AV. 


E. 
E. 
E. 
E. 
E. 
E. 
AV. 
AV. 
AV. 
AV. 
AV. 


Adopted  from  eye  and  ear  observations. 

Addpted  from  star-siguats 

Adopted  rate,  equal  to  zero. 


Remarks. 


-1  25. 53 
.25.56* 
25.51 
25.14 
25.72 
25.87 
25.79* 
25.40 
25.79 
25.46 
25.94 
25.48 
26.45 
25.79 


I 


25.  .•S8 
25.47 
25.58 
25.66 
25.57 
25.09 
25.49 
25.84 
26.04 
25.65 
25.15 


-1  25.  69 
-I  25.56 
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Computation  of  longitude,  eye  and  ear  ohservations. 


Signals     sent 

Date 

and  receivwl, 
reduced  to 
mean  time. 

Time  correc- 

tiODS. 

Corrected  time. 

Difference  of 
lougitnde. 

Personal 
equation. 

Means. 

1873 

h.  m.     $. 

m.    g. 

h.   W.        8. 

m.      «. 

», 

m.     8. 

Sept. 

30 

21  96  18. 19 

-  1  11.42 

21  25  07. 56 

22  00  00.  00 

9.20 

21  59  50.  80 

34  43.24 

-  0.59 

34  42.65 

Oct 

5 

2.)  03  19. 15 

+        4.22 

23  03  23.37 

22  29  5a  30 

-  1  19.37 

22  i&  38.  93 

S4  44.  44 

-  C.59 

34  43.  85 

«ct. 

6 

23  19  17.  42 

-f        6.48 

23  19  23.  79 

22  46  00.  00 

—  1  19.  22 

22  44  40.  74 

34  43.05 

—  0.59 

34  42.46 

Cct. 

7 

22  51  22.  39 

+        0.06 

22  51  22.  45 

22  17  57.  79 

-  1  19.  66 

22  16  38. 13 

34  44. 32 

-  0.59 

34  43  73 

Oct. 

8 

22  25  IX  92 

+        2.45 

22  25  16. 37 

21  51  51.91 

-  1  19.94 

21  50  31. 97 

34  44. 40 

-  0.59 

34  43.81 

Oct. 

19 

22  11  53.  45 

+  0  24. 92 

22  12  18. 37 

21  3o  56. 25 

—  1  20.54 

21  37  35.  71 

34  42.66 

+  0.59 

34  43.25 

Oct. 

19 

0  02  11.  79 

4-  0  24.  82 

0  02  36. 61 

S3  29  14.  90 

—  1  20.72 

23  27  54. 18 

34  42.  43 

+  0.59 

34  43. 0& 

Oct. 

90 

0  09  00.00 

+      23.64 

0  09  23  64 

23  36  06. 56 

—  1  25.  69 

23  34  40.  87 

34  42.  77 

+  0.59 

34  43.36 

8TAR-BIONAL8. 


Oct. 
Oct. 


Oct.        20  I 


23  19  17. 42 
22  46  00. 00 
22  51  22.  39 
22  17  57.  7J/ 
0  09  00.  00 
93  36  06.56 


+        6.73 

—  1  19. 18 

—  0.11 

—  1  19. 19 
-f      23.81 

—  1  95.56 


23  19  24. 15 
22  44  40.  82 
22  51  22.28 

22  16  38. 60 
0  09  23. 81 

23  34  41.00 


34  4a  33 
34  43.68 
34  42.81 


—  a35 

—  0.35 
-f  0.35 


34  42.  98 
34  43.33 
34  43. 16 


Final  result  for  longitude  of  Bismarck,  Dak. 
Bismarck  west  of  Du  Lath  observatory. 


Date  of  observations. 

Mean  result. 

Observers. 

September  30  to  October  8,  1873  . 
October  19  and  20,  1873 

m.      9. 
34    43.  ."to 
34    43.21 
34    43. 16 

T.  H.  Safford.  at  Bismarck :  J.  W.  Barlow,  at  Du  Lnth. 
J.  W.  Barlow,  at  Bismarck  •  T.  H.  Safford,  at  Du  Luth. 

Star-signals 

Final  mean 

34    43.22 

The  observatory  at  Du  Luth  was,  by  commuDication  of  Thomas  Allen, 
esq.,  assistant  engineer  in  charge  of  harbor  improvements — 

8, 458. 27  feet  north  of  lake-survey  north  base. 
6, 370.  45  feet  west  of  lake-survey  north  base. 
Or,  2, 123. 48  yards  west  of  lake-survey  north  base. 

And  north  base  is  1^  0™  6*.07  west  of  Washington  by  lake-survey 
determination. 

Assuming  46°  48'  as  the  latitude  of  the  point  half-way  between  the 
Du  Luth  observatory  and  north  base,  we  have,  by  Lee's  Tables  and  For- 
mulje — 

V  =  1391. 3 

30"  =    695.7 

1"  =     23. 19 

0^573  =      13.29 


1'  31".  573  =  2123.  48  =  6».  105" 
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Hence  we  have— 

Bismarck  west  of  Du  Luth 0  34  43.22 

Du  Luth  west  of  north  base 6. 10 

North  base  west  of  Washington  - 1    0    6.07 

Bismarck  west  of  Washington 1  34  65. 39 

Washington  west  of  Greenwich 5    8  12. 12 

Longitude  of  Bismarck 6  43    7. 51* 

=1000     46'  52".  7 

The  probable  error  of  this  result  cannot  easily  be  computed.  By  the 
usual  rules,  it  will  be  about  =p  OMO ;  but  it  is  to  be  here  noted  that  tbe 
personal  equations  are  very  thoroughly  elioiinated,  and  that  the  t^^ee 
determinations — 

m.    8. 
34  43,  30 
43.21 
43. 16 

are  very  completely  independent  of  each  other. 

LOCATION    OP    OBSEEVATORY    AT     BISMARCK,     DAKOTA     TERRITORY, 


OCTOBER  20,  1873. 


First  measurement. — ^From  center  of  pier  due  north  to  tbe  north  line 
of  Main  street,  501A  feet ;  thence  due  west  along  said  north  line  of  Main 
street,  84^  feet,  to  the  northeast  corner  of  Main  and  Fifth  streets,  known 
as  "  Mason's  corner." 

Second  measurement — From  center  of  pier  due  north  to  tbe  north  rail 
of  the  main  line  of  the  Northern  Pacific  Railroad,  233  feet ;  thence  due 
west  along  the  same  rail,  1,512  feet;  thence  due  north  103  feet,  to  the 
flag-staff  at  Camp  Hancock. 


APPENDIX  H  H. 

ANNUAL  REPORT  OF  CAPTAIN  W.  A.  JONES,  CORPS  OF  ENGI 
NEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30,  1874. 

EXPLORATIONS  AND  SURVEYS  IN  THE  DEPARTMENT  OF  THE  PLATTE. 

Fort  Schuyler,  N.  Y.,  September  25, 1874. 

Sir  :  I  have  the  honor  to  submit  my  annual  report  of  operations  as 
engineer-ofiBcer  of  the  Department  of  the  Platte  for  the  year  ending 
June  30, 1874. 

The  usual  operations  of  the  office  have  been  carried  on,  viz,  the  col- 
lation of  geographical  information  pertaining  to  the  department,  and 
its  embodiment  in  maps,  sketches,  &c.,  for  the  use  of  officers  coudnctiDg 
military  operations  within  its  limits ;  the  survey  of  military  reserva- 
tions ;  and  the  reconuoissance  of  special  areas  concerning  which  infor- 
mation is  incomplete  or  defective. 
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The  begiDDing  of  the  fiscal  year  found  me  iu  the  field  engaged  in  a 
reconnoissanee  of  the  country  lying  about  the  headwaters  of  the  Yel- 
lowstone, Snake,  Green,  Wind,  Big  Horn,  Grey  Bull,  Clark's  Fork,  and 
Stinkingwater  Rivers,  an  excessively  mountainous  area,  lying  in  the 
northwestern  corner  of  Wyoming  Territory,  and  largely  unexplored. 

As  the  region  was  one  of  rare  interest  to  physical  science,  a  geologist 
and  botanist  were  secured.  The  small  amount  of  funds  in  hand  pre- 
vented the  employment  of  more  observers  of  this  class.  This  reconnois- 
sanee was  completed  late  in  September,  and  a  prelimin<'iry  report  at 
once  prepared  and  submitted.  The  final  report  was  finished  and  sub- 
mitted early  in  the  following  May,  shortly  after  which  Congress  or- 
dered its  publication.* 

Besides  the  descriptive  journal,  it  treats  of  the  physical  geography, 
geology,  botany,  meteorology,  entomology,  mineral  and  thermal  waters, 
and  general  geography  of  the  region.  A  new  route  to  the  Yellowstone 
Park  and  Montana  from  the  southeast  was  discovered.  It  traverses  a 
piece  of  country  about  the  headwaters  of  Wind  River  that  had  pre- 
viously been  considered  impassable  and  will  probably  become  a  high- 
way. The  outlines  and  character  of  a  remarkable  range  of  mountains, 
the  Sierra  Shoshone,  lying  between  the  valleys  of  the  Yellowstone  and 
Big  Horn,  were  ascertained.  This  range  was  crossed  for  the  first  time 
by  our  party,  and  was  previously  almost  unknown.  The  existence  of 
four  passes  through  it  was  found,  two  of  which  were  discovered  by  us. 

The  survey  was  effected  by  means  of  a  preliminary  triangulation, 
checked  by  astronomical  observations,  and  accompanied  by  thorough 
barometric  measurements. 

The  report  is  illustrated,  and  accompanied  by  a  general  map  of  the 
region  traversed  compiled  from  the  latest  reliable  data,  together  with 
detailed  sketches  of  the  topography  of  the  country  traversed  each  day. 

After  the  completion  of  this  reconnoissanee,  the  ordinary  ofBce-work 
was  resumed,  and  the.following  maps  finished,  viz : 

Sheet  !No.  3  Department  of  the  Platte,  Wyoming  Territory:  General 
map  of  Department  of  the  Platte,  showing  the  movements  of  troops 
and  expeditions  during  the  year. 

Sheets  Nos.  1,  2,  3,  4,  6,  of  skeleton-map  of  Department  of  the  Platte 
on  an  enlarged  scale,  for  the  use  of  scouting  parties. 

Map  of  the  reconnoissanee  of  Northwestern  Wyoming.  Two  tracings 
of  same. 

Three  tracings  of  west  end  of  general  map  of  the  department. 

Forty-five  topographical  maps  of  the  reconnoissanee  of  Northwestern 
Wyoming,  showing  details.  Various  tracings  and  sketches  for  the  use 
of  officers  serving  in  the  department. 

Very  respectfully,  your  obedient  servant, 

W.  A.  Jones, 
Captain  of  Engineers. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  S.  A. 

*  Printed  in  H.  Ex.  Doc.  No.  235, 43d  Congress,  Ist  session. 
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APPENDIX  II. 

ANNUAL  EEPORT  OF  LIEUTENANT  E.  H.  RUFFNEK,  CORPS 
OF  ENGINEERS,  FOR  THE  YEAR  ENDING  JUNE  30,  1874. 

Headquarters  Department  of  the  Missouri, 

Fort  Leavenworth^  Eans,,  August  27,  1874. 

Sir  :  I  have  the  honor  to  submit  the  followiug  report  for  the  year  end- 
ing June  30,  1874 : 

EXPLORATIONS  AND  SURVEYS  IN  THE  DEPARTMENT  OF  THE  MISS   RI 

The  principal  duty  of  this  oflSce  being  the  organization  of  means  for 
collecting  and  the  arranging  of  information  so  gathered  by  the  varioas 
scouting  parties  in  the  Department,  it  is  gratifying  to  notice  the  rapid 
increase  of  mileage,  and  valuable  journals  recorded  from  year  to  year. 
The  sum-total  of  journals  recorded  for  the  season  of  1873  was  100: 
comprising  special  surveys,  reconnoissances,  examination  of  roads,  and 
ordinary  scouting-journals.    The  total  mileage  reported  was  22,903  for 
the  past  year  against  9,085  for  the  preceding.    The  movement  of  troops 
has  not  been  any  greater,  but  there  has  been  greater  attention  paid  to 
the  journals.    The  principal  improvement  has  been  made  in  the  district 
of  New  Mexico,  where  the  presence  of  the  engineer-detachment  under 
my  orders,  the  instructions  given  by  them  to  private  soldiers,  and  in- 
creased attention  to  the  whole  matter,  have  been  productive  of  valuable 
results.    A  very  fine  collection  of  plats  of  roads  and  scouts  was  made 
during  the  season  amou^nting  to  a  very  large  mileage,  and  these,  reduced 
to  a  uniform  scale  and  embodied  in  a  series  of  special  plats,  have  been 
furnished  to  all  directly  interested.    Attention  is  especially  Invited  to 
the  fact  that  all  the  information  in  the  vicinity  of  Fout  Tulerosa,  and  be- 
tween Fort  Tulerosa  and  Forts  Wingate  and  Bayard  and  Camp  Apache, 
(published  in  map-form,)  has  come  from  this  ofiQce  as  furnished  by  the 
engineer  office  at  Santa  Fe.    This  was  first  published  in  a  small,  special 
map  of  the  vicinity,  and  afterward  on  sheet  No.  4  of  the  map  of  the  De- 
partment of  the  Missouri.    Since  that  time  the  plats  of  roads  and  scoutsiu 
New  Mexico,  (season  of  1873,)  already  aUuded  to,  will  be  found  to  eontaiu 
much  furnished  by  me  in  advance  of  other  issues.    In  New  Mexico  the 
section  of  country  also  to  the  south  and  southeast  of  Fort  Stanton  has 
been  quite  thoroughly  gone  over  by  the  command  of  Maj.  W.  R.  Price, 
Eighth  Cavalry,  who  seems  to  have  been  almost  ubiquitous  during  the 
last  season.    Prom  a  cavalry-camp  on  the  Canadian  Eiver,  near  Fort 
Bascom,  a  number  of  scouts  under  Capt.  S.  B.  M.  Young,  Eighth  Cav- 
alry, over  and  near  the  Staked  Plains,  are  recorded.  One,  a  very  long  one, 
from  old  Fort  Sumner  over  the  Llano,  and  across  the  upper  part  of  the 
Eed  Eiver,  and  thence  to  Camp  Supply,  gives  the  most  thorough  descrip- 
tion on  record  of  a  country  now  to  be  traversed,  in  part,  by  the  expeiii- 
tion  in  the  Indian  Territory  just  organized.    From  Fort  Dodge  the 
ceaseless  movement  of  cavalry  during  the  entire  season  kept  an  accurate 
record  of  almost  every  settler  on  the  Indian  frontier ;  and  from  Fort 
Lyon  a  list  of  one  thousand  four  hundred  miles  of  carefully-recorded 
journals  adds  to  our  resources,  and  furnishes  matter  wjiich  is  almost 
immediately  called  for  again  by  the  military  at  those  posts. 

This  office  now  possesses  very  thorough  descriptions  of  nearly  all 
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roads  in  the  department,  and,  in  addition  to  this,  is  constantly  employed 
givinpf  attention  to  new  and  proposed  routes,  with  a  view  to  shortening 
and  bettering  commnnications.  It  was  with  this  intention  of  giving 
detailed  practical  information  on  the  resources  of  and  communications 
with  the  mountainous  regions  of  Colorado,  where  the  threatened  troubles 
with  the  Ute  Indians  might  have  made  such  valuable,  that  a  reconnois- 
sance  partly  in  the  Ute  country  was  organized  and  sent  out  in  May, 
1873.  This  party  examined  the  headwaters  of  the  Rio  Grande,  Gunnis- 
son^s  or  Grand  River,  and  the  Arkansas,  and  their  approaches.  The 
report,  accompanied  by  a  map,  was  made  to  the  Chief  of  Engineers,  and 
published  as  executive  document  No.  193  of  the  House  of  Representatives 
at  the  last  session.  The  running  of  a  continuous  azimuth  and  stadia  line 
so  long  and  difficult,  crossing  five  high  mountain-passes,  was  an  experi- 
ment, and,  as  a  successful  one,  I  take  pride  in  referring  to  the  achieve- 
ment. It  originated  in  an  effort  to  use  the  finished^  methods  of  the 
United  States  lake-survey  on  reconnoissance-work.  I  feel  safe  in.  in- 
viting critical  examination  of  the  work  as  a  finished  and  valuable  survey 
so  far  as  the  instrumental  line  is  concerned :  and  in  view  of  discussions 
since  arisen  as  to  the  value  of  the  "meandering"  method  and  of  **  re- 
con  noissance  "  work,  I  here  desire  distinctly  to  state  that  until  this 
work  has  been  checked  by  a  regularly-organized  geodetic  triangulatiou 
and  proved  incorrect,  the  manner  and  method  gives  it  a  claim  to  credit, 
not  excelled  by  any  kind  of  topographical  work  done  in  the  mountains. 
Moreover,  as  the  results  are  immvdiately  available,  they  are  therein  of 
especial  use  at  department  headquarters,  and  to  those  who  are  inter- 
ested in  the  region  traversed. 

This  spring,  commencing  in  the  middle  of  May  and  completed  in  the 
middle  of  July,  was  made  an  examination  by  Lieut.  G.  S.  Anderson, 
Sixth  Cavalry,  of  a  direct  practicable  wagon-route  from  Fort  Garland 
to  Fort  Wingate.  The  link  especially  examined  was  a  direct  route  from 
Conejos,  Colorado  Territory,  to  the  headwaters  of  the  Chama  and 
Puerco  Rivers,  the  remainder  of  the  route  having  been  proved  avail- 
able by  Lieutenant  Morrison  in  1872. 

Two  instrumental  lines  were  run,  and  a  detailed  report,  with  esti- 
mates, is  in  preparation,  and  will  shortly  be  submitted,  with  maps.  The 
importance  of  a  direct  and  good  communication  from  Fort  Garland  to 
Wingate  and  Northeast  Arizona  is  easily  seen,  more  especially  when  it 
is  believed  that  the  Denver  and  Rio  Grande  Railroad  will  shortly  extend 
their  line  to  Badito,  and  possibly  over  the  range  to  the  Rio  Grande 
water-shed.  An  attempt  was  made  to  survey  the  proposed  Indian  and 
military  reservations  at  Fort  Tulerosa.  The  extreme  length  of  the 
lines,  (three  hundred  miles,)  the  difficult  nature  of  the  country,  com- 
bined with  the  inefficiency  of  the  civil  engineer  employed,  resulted  in 
the  discontinuance  of  the  survey  after  a  portion  had  been  run.  The 
reservations  will  not  be  declared,  owing  to  the  proposed  removal  of  the 
Indians  to  another  place ;  further  operations  have  been  suspended. 

At  the  close  of  the  operations  of  the  party  of  the  Ute  reconnoissance 
a  survey  was  made  by  them  of  a  reservation  for  the  use  of  the  signal- 
service  on  the  top  of  Pikers  Peak.  This  was  completed  in  October ;  a 
report  made,  accompanied  with  plats ;  and  a  reservation,  as  proposed, 
was  declared  by  the  President. 

In  consequence  of  a  private  claim  having  been  made  on  a  part  of  the 
military  reservation  of  Fort  Leavenworth,  Kans.,  a  resurvey  was  ordered 
by  the  Secretary  of  War  in  May.  This  was  ably  done  by  my  assistant, 
Mr.   Donald  W.  Campbell,  and  a  minute  and  accurate  plat  of  this 
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large  reservation  of  6,900  acres  was  famished,  giving  all  the  principal 
artificial  as  well  as  natural  features. 

I  myself  having  been  placed  in  charge  of  the  completion  of  a  military 
road  from  Santa  F^  to  Taos,  N.  Mex.,  made  snrveys  daring  the  fall 
of  various  roads  in  that  vicinity,  and  in  the  spring  I  was  engaged  for 
four  months  on  its  construction. 

The  field-operations  during  the  present  season  comprise  mainly  the 
notes  to  be  taken  under  direction  of  Lieut.  G.  S.  Anderson,  Sixth  Cav- 
alry, acting  engineer-officer  during  the  expedition  in  the  Indian  Terri- 
tory, and  the  scouts  in  New  Mexico,  where  the  engineer-detachment  is 
still  on  duty.  There  being  no  funds  for  the  use  of  surveys,  &c.,  this 
year,  none  are  contemplated.  The  office-work  has  consisted  of  the 
platting  of  the  various  scouts  and  marches.  Tracings  of  these  were 
also  made  and  furnished  the  engineer-office  at  headquarters  of  the 
Military  Divisioii  of  the  Missouri. 

At  any  interval  of  leisure  for  the  last  three  years,  the  preparation  of 
a  map  of  the  Indian  Territory  has  been  slowly  going  on ;  and  during 
the  past  winter  the  reception  of  the  many  land-survey  plats  of  the 
two  preceding  years'  work  gave  a  great  deal  additional. 

1  laid  off  and  platted,  myself,  a  large  part  of  these  surveys,  and  the 
remainder  have  been  put  on  by  the  draughtsmen,  and  now  the  greater 
part  of  the  Territory  is  delineated  on  a  scale  of  yorrimr'  When  com- 
menced, this  work  seemed  extra,  the  territory  not  belonging  to  this  de- 
partment ;  the  wisdom  of  it  was,  however,  seen  when  the  transfer  to  this 
department  of  half  of  the  territory,  and  the  sudden  organization  of  a 
large  expedition,  called  for  the  best  map  I  could  furnish.  For  two 
weeks  the  entire  force  of  this  office  was  at  work  making  tracings  of  what 
was  completed,  and  as  much  more  reliable  matter  as  could  be  safely 
added. 

The  preparation  on  stone  of  the  preliminary  map  of  the  Ute  recon- 
noissance  occupied  the  principal  draughtsman,  A.  Hunnius,  a  month 
and  a  half  in  the  winter. 

The  second  draughtsman,  Samuel  Anstey,  afterward  made  a  cor- 
rected map  of  the  same  on  paper  when  recalculation  had  changed  many 
positions.  Mr.  Anstey  also  made  on  an  enlarged  scale  a  sketch  show- 
ing the  mining-regions  of  the  San  Juan  district. 

And  Mr.  Hunnius  made  a  very  handsome  sketch  of  the  Philosopher's 
Mounts,  so  called,  a  portion  of  the  same  reconnoissance.  The  prepara- 
tion of  the  report  of  the  Ute  reconnoissance  occupied  the  entire  force  of 
the  office  for  two  months.  When  sent,  a  revision  of  the  calculations 
and  the  general  tables  was  made  by  Mr.  Campbell,  and  the  meteorologi- 
cal observations  were  partially  gone  over  again.  During  the  year,  a 
volume  on  a  uniform  scale  of  j^^q^^q^  of  the  various  roads  and  scoots 
in  New  Mexico  reported  daring  the  season  of  1873  was  prepared  and 
sent  to  the  Engineer  Bureau,  and  I  was  much  pleased  at  the  receipt  of 
a  commendatory  letter  thereupon. 

During  the  year,  the  engineer-detachment  in  my  charge  have  con- 
ducted themselves  very  creditably  in  the  discharge  of  their  duties,  and 
have,  in  addition  to  the  duties  in  the  field,  performed  creditably  tbeir 
office-work. 

Sergeants  E.  N.  Harper  and  G.  A.  Lichtenberg  have  been  of  material 
service  in  the  preparation  of  the  Ute  rcconnoisance  report,  and  Private 
Winckler  as  draughtsman  and  clerk  in  the  engineer  office,  Santa  Fe, 
!New  Mexico. 

In  the  issue  of  maps  from  this  office,  the  total  number  of  maps  of  the 
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Ute  reconnoissaiice  is  included,  these  having  been  bound  with  the  report 
as  printed. 

Maps  mued  during  the  fiscal  year  ending  June  30,  1874. 

Map  of  vicinity  of  Fort  Tnlerosa l^ 

Roads  from  Fort  Dodge  to  Camp  Supply 12 

Map  of  Chickasaw  country 29 

Western  Territories 2 

Map  of  Indian  Territory,  Lieutenant  Jackson \^ 

Map  of  Kansas,  Lienteuant  Jackson 1 

Kansas  campaign 31 

Department  of  the  Missouri,  sheet  2 70 

Department  of  the  Missouri,  sheet  4 404 

Ute  reconnoissance 925 

Tracings 63 

Total 1,553 

Financial  statement 

Daring  tlio  year  the  expenditures  bf  the  office  have  been §10, 000 

Amount  available  for  tiscal  year  ending  June  30, 1875 3,200 

Amount  appl ied  for  for  fiscal  year  ending  J une  30,  1876 10, 000 


COMPLETION  OF  MILITAKY  ROAD  FROM  SANTA  Ffi  TO  TAOS,  NEW  MEXICO. 

This  work,  authorized  by  act  of  Coiifirress  approved  March  3,  1873, 
was  placed  under  my  charge  by  paragraph  7,  Special  Orders  No.  133,  War 
Department,  AdjutantCirenerars  Office,  Washington,  July  3, 1873. 

(Jnder  instructions  from  the  Engineer  Bureau  I  proceeded  to  New 
Mexico  in  September,  1873,  and  made  preliminary  recoanoissances  of  the 
various  routes,  and  a  survey  of  the  one  selected  for  operations. 

My  preliminary  report  and  a  proposed  plan  was  then  forwarded  to 
the  Chief  of  Engineers  and  received  his  approval,  and  I  was  authorized 
to  construct  the  road  myself  under  my  own  personal  supervision. 

It  seems  hardly  necessary  to  expand  further  than  to  state  that  the 
work  contemplated  was  in  the  canon  of  the  Eio  Grande  between  the 
villages  of  La  Joya  and  Oienigilla,  in  the  location  recommended  by 
Capt.  J.  N.  Macomb,  Corps  of  Engineers,  in  1859,  and  afterward  the 
subject  of  a  memorial  from  the  legislature  of  New  Mexico  to  the  Con- 
gress of  the  United  States.  On  either  side  of  the  points  named  are 
good  roads  from  Cienigilla  to  Taos  and  from  La  Joya  to  Santa  Fe  j  but 
the  intervention  of  the  high  mountain-spur  which  caused  the  canon  was 
only  to  be  overcome  by  hard  work.  During  the  winter,  supplies  were 
purchased  and  sent  forward,  and  early  in  March  I  left  for  Santa  Fe.  A 
severe  and  prolonged  winter  had  blocTted  the  roads,  supplies  were  de- 
layed, and  commencement  of  work  was  a  month  later  than  calculated 
upon.  About  April  I  work  was  fairly  commenced  in  the  middle  of  the 
caiion  at  the  village  of  liiucouada,  and  pushed  forward  with  miners  and 
laborers  as  fast  as  was  practicable. 

The  original  pLin  contemplated  crossing  the  Rio  Grande  twice  by 
means  of  crib-pier  bridges,  and  early  in  the  fall  orders  had  been  given 
for  logs  and  lumber  for  the  same.  Unfortunately,  however,  both  of  the 
parties  failed  to  fill  the  orders  in  time,  and  it  became  imperative  not  to 
waste  time,  but  to  push  up  ou  the  left  bank  of  the  river.  The  result  was 
heavy  work  and  a  largely-increased  expenditure,  not  only  from  the 
40  Exa  .  ft 
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nature  of  tbe  work,  but  because  the  partially-completed  work  on  the 
other  side  of  the  river  and  at  the  bridge-sites  was  lost. 

Communication  was,  however,  opened  by  the  third  week  in  May. 
The  remainder  of  the  appropriation  was  expended  in  the  canon  from  I^ 
Joya  to  Embudo,  to  avoid  the  high  hill  now  crossed  on  that  road.  A 
narrow  road  was  pushed  through  this  to  the  farthest  point  possible, 
leaving  about  three-fourths  of  a  mile  unfinished  to  complete  the  throagh- 
road.  If  this  were  finished,  the  road  from  Santa  F6  to  Taos  would  be 
of  excellent  grades,  excepting  at  one  place,  the  Arroya  Honda,  and 
would  be  one  of  the  best  roads  for  its  length  of  seventy  miles  in  the 
Territory.  As  it  is,  heavy  freight  is  only  interfered  with  by  one  sbar[) 
rise  between  Embudo  and  La  Joya,  which  can  easily  be  lightened  over. 
In  light  travel  from  the  end  of  the  railroad  to  Santa  Fe,  forty  miles  can 
now  be  saved  by  passing  via  Cimarron,  Taos,  and  the  new  road,  and 
communication  with  Fort  Garland  from  Santa  F6  has  been  much  bet- 
tered. 

During  the  entire  working-season  I  was  assisted  by  Lieut.  C.  C.  Mor- 
rison, Sixth  Cavalry,  acting  engiueer-oflacer  district  of  New  Mexico, 
to  whom  I  am  indebted  for  his  watchfulness,  energy,  and  perseverance 
in  carrying  out  duties  intrusted  to  him. 

Hiks 

Distance  from  Sauta  F^  to  Taos,  Uuited  States  inouutaiii  road 87.  Tr» 

Distance  from  Santa  Fe  to  Taos,  via  Ojo  Caliente 80. 50 

Distance  from  Santa  ¥6  to  Taos,  (new  road) 70. 00 

Of  this  road  miles  worked  in  the  upper  canon,  (new  road) 11.  K5 

Of  this  road  miles  worked  in  tbe  lower  canon 2. 5i» 

Number  of  miles  repaired  between  La  Joya  and  Kmbudo 6. 0(i 

Total  miles  worked 20.8:1 

The  accompanying  skeleton-map  will  illustrate  the  principal  connec- 
tions. 

Appropriation  for  completion  of  military  road  from  Santa  Fe  to  Taos, 
N.  Mex.,  $25,000,  of  which,  including  contracts  still  unpaid,  all  has  been 
spent. 

Very  respectfully,  your  obedient  servant. 

E.  H.  RUFPNER, 

First  Lieutenant  of  Engineen 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  S.  A. 


APPENDIX  KK. 

ANNUAL  REPORT  OF  CAPTAIN  WILLIAM  LUDLOW,  CORPS 
OF  ENGINEERS,   FOR  THE  FISCAL  YEAR  ENDING  JUNE 

30,  1874. 

explorations  and  surveys  in  the  department  of  dakota. 

Headquarters  Department  of  Dakota, 
Office  of  the  Chief  Engineer, 
St  Paulj  Minn.j  September  7, 1874. 
Sir  :  I  liave  the  honor  to  forward  herewith  copies  of  my  annual 
report  to  the  department  commander,  together  with  the  preliniinarv 
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reports  of  the  reconnoissauce  to  the  Black  Hills,  by  Professor  Wiuchell, 
Mr.  Grinnell,  and  myself. 

Very  respectfally,  your  obedient  servant, 

William  Ludlow, 
'  ^    Captain  of  Engineers. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U,  S.  A. 


ANNUAL  REPORT  TO  DEPARTMENT  COMMANDER. 

Office  of  Chief  Engineer, 
Headquarters  Department  of  Dakota, 

8t  Paul^  Minn.j  September  5,  1874. 

Sir:  1  have  the  honor  to  make  the  following  report  of  the  operations 
of  my  department  since  October  1, 1873: 

During  the  fall  and  winter  I  was  engaged  in  examining  the  reports  of 
Journeys  by  officers  in  the  department,  and  plotting  the  trails,  when 
any  information  could  be  obtained  from  tbem.  In  the  great  majority  of 
cases,  these  itineraries  and  maps  are  valueless,  sometimes  on  account  of 
a  want  of  proper  instruments,  but  generally  because  the  officer  will  not 
take  the  necessfiry  trouble  in  addition  to  the  routine  duties  of  his  daily 
march.  I  shall  endeavor  to  provide  the  instruments,  and  the  work  can 
best  be  done  by  an  intelligent  enlisted  man,  suitably  instructed  and 
specially  detailed  for  the  duty. 

The  revision  of  the  official  map  of  the  department  was  continued  until 
the  spring,  and  authority  obtained  for  the  publication  of  a  new  edition, 
which  will  soon  be  ready  for  distribution. 

In  accordance  with  instructions  contained  in  Special  Orders  No.  11, 
current  series,  from  these  headquarters,  I  proceeded  to  Fort  llipley, 
Minn.,  on  May  29,  and  made  a  survey  of  the  vicinity,  at  the  same  time 
marking  the  limits  of  a  reservation  one  mile  square,  recommended  in 
the  report  of  the  board  convened  at  Ripley  for  that  purpose. 

A  map  was  prepared,  and  accompanuied  the  report  of  the  board. 

Special  Orders  No.  117  directed  me  to  accompany  the  Black  Hills  ex- 
pedition as  engineer  officer.  I  was  unable,  on  account  principally  of 
lack  of  funds,  to  make  any  extended  preparations  for  the  trip,  or  to 
secure  the  services  of  as  many  skilled  and  instructed  gentlemen  as  I 
desired.  I  had  no  funds  with  which  to  pay  salaries.  Nevertheless,  Pro- 
fessor Winchell,  State  geologist  of  Minnesota,  and  Mr.  G.  B.  Grinnell, 
representing  Professor  Marsh,  of  Yale  College,  accompanied  the  expedi- 
tion under  my  direction.  A  photographer  was  fitted  out  mostly  from 
the  apparatus  used  on  the  Yellowstone  expedition  of  last  summer,  and 
took  very  successful  views. 

A  preliminary  report  of  the  expedition,  accom[)anied  by  similar 
reports  from  Professor  Winchell  and  Mr.  Grinnell,  will  be  submitted  in  a 
few  days. 

The  detailed  reports  and  map  of  the  route  cannot  be  completed  under 
two  months;  the  time  being  also  required  by  Winchell  and  Grinnell  for 
a  proper  examination  of  their  geological  and  zoological  collections,  and 
a  full  study  and  digest  of  the  information  obtained. 

The  whole  will  be  submitted  at  the  earliest  practicable  day. 
Very  respectfully,  your  obedient  servant, 

Wm.  Ludlow, 
Captain  of  Engineers^  Chief  Engineer  Department  Dal'ota. 

The  Assistant  Adjutant-General, 

Department  of  DaJcota. 
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PRELIMINARY  REPORT  OF  RECONNOISSANCE  TO  THE  BLACK  flILLS. 

St.  Paul,  Minn.,  September  7, 1874. 

Sir:  The  expedition  [under  tlie  command  of  Lieutenant-Colonel  Caster, 
Seventh  Cavalry,]  was  organized  for  the  purpose  of  exploring  the  un- 
known territory  lying  principally  in  the  western  and  southwestern 
portion  of  Dakota  and  the  eastern  portion  of  Wyoming,  with  a  view  of 
discovering  practicable  interior  military  routes  between  Fort  Lincoln, 
in  the  Department  of  Dakota,  and  opposite  the  terminus  of  the  Northern 
Pacific  Eailroad,  and  Forts  Laramie  and  Fetterman,  in  the  Department 
of  the  Platte,  with  the  Union  Pacific  liailroad  for  their  base.  In  case 
circumstances  should  at  any  time  require  the  establishment  of  military 
posts  in  the  region  referred  to,  a  more  exact  knowledge  of  its  resources 
than  we  possessed  would  also  be  required  to  guide  in  the  selection  of 
suitable  sites. 

I  was  directed  by  the  department  commander  to  accompany  the  expe- 
dition and  act  as  its  engineer  officer. 

Unable  to  obtain  funds  which  would  be  available  for  the  payment  of 
salaries,  I  nevertheless  secured  the  services  of  Prof.  N.  II.  Winchell,  of 
Minneapolis,  to  act  as  geologist  for  the  expedition,  and  of  Mr.  G.  B 
Orinnell,  representing  Professor  Marsh,  of  Yale  College,  who  kindly 
agreed  to  report  upon  the  paleontology  and  zoology  of  the  region  to  be 
traversed.  Professor  Winchell  would  also  make  such  report  as  his  time 
might  afford  upon  the  botany  of  the  Hills;  and  Dr.  Williams,  assistant 
surgeon  United  States  Army,  and  medical  officer  of  the  exi)edition, 
promised  to  aid  in  the  same  department. 

A  photographer  was  fitted  out  with  apparatus  and  chemicals  and  a 
spring-wagon  constructed  for  similar  use  on  the  Yellowstone  expedition 
of  1873. 

For  the  surveying  I  had  my  detachment  of  engineers,  consisting  of 
two  sergeants  and  four  men,  who  were  to  keep  two  sets  of  notes  of  the 
route  with  prismatic  compjiss  and  odometer,  while  my  assistant,  Mr.  W. 
H.  W^ood,  and  myself,  would  attend  to  the  general  topography  and  the 
astronomical  observations  for  latitude  and  longitude. 

The  expedition  left  Fort  Lincoln  on  July  2,  and  consisted  of  ten  com- 
panies of  cavalry  and  two  of  infantry,  with  a  battery  of  three  Gatling 
and  one  Kodman  gun,  and  a  detachment  of  Indian  scouts,  guides,  &c. 
The  train  consisted  of  over  one  hundred  wagons. 

We  were  assured  by  the  guides  of  two  things  in  advance :  first,  that 
the  expedition  would  be  strenuously  op])Osed  by  a  hostile  force  of 
Indians ;  secondly,  that  we  could  never  penetrate  the  fastnesses  of  the 
Black  Hills.  They  represented  the  difficulties  in  our  way  as  being  for 
midable  for  cavalry,  and  for  wagons  insuperable.  Both  predictions 
failed.  The  expedition  returned  to  Fort  Lincoln  on  August  30,  the 
sixtieth  day  out,  with  a  loss  of  but  four  men — three  from  sickness  and 
one  killed  in  a  quarrel — having  seen  no  hostile  Indians  during  the  whole 
trip  of  nearly  one  thousand  miles,  and  having  thoroughly  explonnl  tht- 
Black  Hills  from  east  to  west  and  from  north  to  south. 

The  route  pursued  led  us  up  the  south  side  of  Heart  River ;  thence, 
in  a  general  west-southwest  direction,  across  the  Gannou-Ball  and  up 
the  north  fork  of  Grand  River;  thence  southwestwardly  to  a  x>oint 
which  we  named  Prospect  Valley,  in  about  latitude  45^  liO'  and  longi- 
tude 103'^4(V ;  thence,  up  the  east  side  of  the  Little  Missouri  River  and 
southwardly,  to  the  north  fork  of  the  Cheyenne  River,  known  a^i  the 
Belle  Fourche. 
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Tliis  point  we  reached  on  July  18,  in  about  longitude  104^,  after  six- 
teen marches  and  three  hundred  miles  of  travel. 

Hitherto  the  country  had  much  resembled  other  portions  of  Dakota; 
anoi)en  prairie;  wood  scarce,  and  only  found  in  river- valleys;  water 
not  always  to  be  met  with  in  sufficient  quantity,  and  frequently  im- 
pregnated with  salts,  which  was  both  disagreeable  and  injurious ;  but 
still  with  a  fair  amount  of  grass,  and  presenting  no  serious  difficulties 
to  the  traveler. 

All  the  country  bordering  on  Heart  River  is  good ;  that  on  Cannon- 
Ball  is  fair.  Grand  River  country  is  poor  as  well  as  that  near  the  head- 
waters of  the  Moreau,  or  Owl  River. 

All  these  streams  How  east  and  head  close  up  to  the  Little  Missouri, 
which  running  northward  at  right  angles  to  the  others,  has  but  a  narrow 
and  barren  belt  tributary  to  it  on  the  east  side.  Its  main  support  is 
from  its  branches  heading  in  the  Powder  River  range  of  hills. 

Our  route  led  us  in  view  of  Slim  Butte,  which  is  rather  a  high  steep 
coteau  than  a  butte,  of  Slave  and  Bear  Buttds,  and  many  others  not 
hitherto  located ;  and  the  Black  Hills,  as  we  approached  them,  looked 
very  high  and  dark  under  their  covering  of  pine-timber. 

We  crossed  the  Belle  Fourche  on  the  20th  July,  and  found  ourselves 
transported  to  a  new  country.  The  whole  character  of  our  surround- 
ings was  changed.  There  was  an  abundance  of  grass,  timber,  small 
fruits,  and  flowers,  and,  what  was  perhaps  better  appreciated  than  all, 
an  ample  supply  of  pure  cold  water;  and  these  advantages,  with  a  few 
exceptions,  we  enjoyed  until  we  left  the  Hills  for  the  return-journey. 

Our  course  lay  up  the  valley  of  the  Red  water — a  large  branch  of  the 
Belle  Fourche — to  Inyankara;  thence  easterly  and  southeasterly  into 
the  heart  of  the  Hills,  valley  leading  into  valley,  to  the  beautiful  park- 
country,  always  until  now  marked  unexplored  on  the  maps,  of  which 
we  had  heard  much,  but  hardly  hoped  to  reach  with  our  wagons. 

After  arriving  near  Harney's  Peak,  a  lofty  granite  m<ass,  with  an  alti- 
tude of  over  8,000  feet  above  the  sea,  and  surrounded  with  craggy  peaks 
and  pinnacles,  a  rapid  scout  w^as  made  to  the  south  fork  of  the  Chey- 
enne, nearly  due  south  of  us,  with  five  companies  of  cavalry,  and  the 
exit  from  the  interior  shown  to  be  not  difficult  on  that  side. 

Returning,  the  course  lay  northerly  and  northeasterly,  looking  for  an 
exit  near  Bear  Butte.  Failing  to  find  an  easy  one,  we  went  southerly 
a  short  distance,  and  discovered  a  pass  near  Elk  Creek,  which  let  us  out 
on  the  i)rairie.  The  change  to  the  hot  dry  air  and  yellow  grass  of  the 
pra'irie  was  wonderfully  sudden  and  anything  but  pleasant. 

From  Bear  Butte,  the  return-journey  led  back  past  Slave  Butte, 
touching  the  headwaters  of  the  Moreau,  crossing  the  down-trail  in 
Prospect  Valley ;  thence  tapping  the  head  of  Grand  River,  and  follow- 
ing roughly- the  east  side  of  the  Little  Missouri  northward  and  eastward 
to  where  the  trail  of  the  Yellowstone  expedition  crosses  it ;  thence  into 
Lincoln  on  the  north  side  of  Heart  River. 

The  return-route  was  a  much  better  one  for  a  large  force  than  the 
other.  We  had  no  difficulty  in  finding  good  camps  with  plenty  of  water 
and  grass.  The  country  passed  over  tributary  to  the  Moreau  is  barren, 
but  the  river-valley  itself  is  more  favorable,  and  at  the  head  of  Grand 
River  is  much  better  country  than  lower  down.  From  Grand  River  to 
above  Heart  River  the  grass  had  been  thoroughly  burned  by  the 
Indians.  It  caused  some  inconvenience,  but  we  were  always  fortunate 
in  finding  a  camp  in  some  localities  which  the  fire  had  spared. 

With  regard  to  the  geology  of  the  Black  Hills,  Professor  Winchell's 
report  will  be  nearly  exhaustive.    Both  Mr.  Grinnell  and  he  were  as 
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industrious  as  possible  in  collecting  information,  and  I  can  only  regret 
that  tbe  time  available  prevented  as  much  opportunity  for  study  as  they 
could  have  improved.  I  beg  to  call  attention  to  the  preliminary  reports 
from  both  gentlemen  presented  herewith.  '  Their  detailed  reports  will 
be  prepared  as  soon  as  possible,  as  well  as  one  from  Dr.  Williams  on 
the  flora  of  the  hills. 

It  is  a  region  admirably  adapted  to  settlement,  abounding  in  timber, 
in  grass,  and  flowing  streams,  with  springs  of  pure,  cold  water  almost 
everywhere;  the  vallies  of  gentle  slope,  and  ready  for  the  plow;  the  soil 
of  wonderful  fertility,  as  evidenced  by  the  luxuriance  of  the  grass  and 
the  profusion  of  flowers  and  small  fruits ;  the  climate  entirely  differ- 
ent from  that  of  the  plains,  giving  evidence  of  being  much  more  agree- 
able ;  cooler  in  summer  and  more  moderate  in  winter ;  not  subject  to 
drought,  for  the  nightly  dews  are  very  heavy ;  not  liable  to  excessive 
snow-fall,  for  in  narrow  valleys  containing  a  large  creek  no  indication's 
of  overflow  could  be  detected. 

The  creeks  confine  thftir  favor  to  the  hills.  Upon  reaching  the  exte- 
rior range,  they  pass  through  rocky  canons,  sometimes  of  great  depth, 
and  arriving  at  the  outer  foot-hills  sink  into  the  ground  and  disappear. 

Upon  the  mineral  resources  of  the  hills,  Professor  Wiuchell's  report 
will  throw  full  light.  No  coal  was  found.  Extensive  deposits  of  iron 
ore  of  good  quality  exist;  immense  beds  of  gypsum  were  met  with; 
specimens  of  gold  were  washed  from  the  soil  in  the  vicinity  of  Harney's 
Peak,  and  quartz  in  bed  and  bowlder  was  visible  in  large  quantities. 
A  specimen  of  something  which  the  discoverer  believed  to  be  silver,  but 
which  more  resembled  platinum,  was  shown  me.  Plumbago  also  was 
found  in  small  quantities. 

Any  amount  of  excellent  building-stone,  limestones,  sandstones,  and 
granite  exist.  iSome  of  the  limestones,  particularly  in  the  vicinity  of 
Inyankara,  were  fine  enough  for  marbles  and  handsomely  colored. 

The  timber  is  mainly  red  pine  and  spiuce,  of  large  size ;  oak,  ash,  and 
elm  are  found  on  the  exterior  slopes.  Game  is  abundant.  Bear,  elk. 
and  deer  of  two  kinds  were  found  and  many  killed.  On  the  prairies  the 
antelope  were  found  in  large  numbers. 

The  complete  report,  accompanied  by  the  reports  of  Professor  Win- 
chell,  Mr.  Grinnell,  and  Dr.  Williams,  will  be  transmitted  at  the  earliest 
possible  day,  together  with  a  map  showing  the  route  pursued,  with 
bordering  country  from  Fort  Lincoln  and  return,  and  a  special  map  on 
a  larger  scale  of  the  Black  Hills  proper. 

The  photographer  secured  negatives  for  about  sixty  views,  a  set  ot 
-which  will  accompany  the  report. 

liespectfully  submitted. 

William  Ludlow, 
Capt  of  Engineers  U.  8.  A,y  Chief  Engineer  Department  of  Dakota. 

The  Assistant  adjutant-General, 

Department  of  Dal'ota. 


PRELIMINARY  (GEOLOGICAL  REPORT  BY  PROF.  N.  H.  WINCHELL. 

The  UNivKRftiTY  ok  Minxesota, 

Minneapolis,  September  8,  18*4. 
Dear  Sir  :  In  accordance  with  your  request,  I  herewith  ^ive  you  a  brief  statemeut  oi 
the  work  done  by  nie  in  the  late  exploration  of  the  Black  Hilla  by  General  G.  A.  Ciim#t, 
indicating  at  tbe  same  time  some  of  the  most  important  geological  results  that  arv 
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likt^Ay  to  couie  from  the  reconnoissance.  It  is  plain  to  see  that  in  the  absence  of  the 
Hpecimens  collected,  none  of  which  have  yet  arrived  at  Minneapolis,  this  report  is  based 
on  field-notes  and  impressions  received  in  the  field,  and  lacks  that  authentication  that 
is  der.vable  only  from  a  careful  study  of  the  fossils.  • 

In  passing  over  the  plains  between  Fort  Lincoln,  on  the  Missouri  River,  and  the 
Black  Hills,  there  was  but  little  opportunity  to  fix  certainly  the  western  limit  of  the 
•  Cretaceous,  or  to  determine  the  area  of  the  Tertiary.  A  few  fossils  were  gathered  near 
the  Little  Missouri  River,  and  careful  notes  of  exposed  sections  of  rock  were  taken  at 
all  accessible  points.  At  a  number  of  points,  beils  of  lignite  were  seen,  and  they  will 
be  expressed  on  the  geological  map  intended  to  accompany  the  final  report.  In  cross- 
ing the  plains,  the  expedition  traversed  a  district  that  had  never  before  been  visited 
and  reported  on  by  any  geologist.  Dr.  F.  V.  Hayden,  in  a  final  report  on  the  geology 
of  Nebraska,  has,  however,  published  a  geological  map  showing  the  presumed  areas  of 
the  Tertiary  and  Cretaceous  in  that  portion  of  Dakota.  Without  intending  here  to 
deny  the  correctness  of  that  map,  I  may  state  that  the  impression  received  from  litho- 
logical  evidence  would  reduce  very  much  the  area  of  the  Tertiary  and  increase  relatively 
that  of  the  Cretaceous.  The  Cretaceous  area  that  Dr.  Hayden  represents  along  the  val- 
ley of  the  Missouri  River  at  Fort  Lincoln  seems  to  extend  much  farther  west  than  has 
been  supposed.  Very  important  beds  of  lignite  occur  in  it  on  both  sides  of  the  river, 
in  the  vicinity  of  Fort  A.  Lincoln,  and  they  seem  not  to  be  restricted  to  the  Dakota 
group.  Ou  this  question,  the  fossils  collected  may  throw  some  light  when  they  shall 
have  been  examined.  They  have  been  submitted  to  Prof.  Marsh,  of  New  Haven,  Conn. 
In  entering  the  region  of  the  Black  Hills  proper,  the  evidences  of  disturbances  begin 
to  appear  on  the  plains  about  twenty  miles  before  reaching  the  Belle  Fourche,  along 
our  line  of  march.  The  shales  and  clays  here  begin  to  show  a  changeable  dip,  and  are 
more  or  less  slaty,  and  deepened  in  color  to  a  dark  purple  or  black.  A  considerable 
clay  ironstone  is  scattered  over  the  surface  weathered  from  the  beds,  and,  by  drain- 
age and  erosion,  the  rock,  which  is  easily  disintegrated,  is  wrought  into  a  series  of 
ravines  and  low  blufis.  This  aspect  is  most  marked  at  our  first  crossing  of  the  Belle 
Fourche,  where  the  Fort  Pierre  group  forms  an  exposed  thickness  of  slate  and  slaty 
shale  between  three  and  four  hundred  feet.  From  the  Belle  Fourche,  the  formations 
l)as8ed  over  in  entering  the  Hills  come  in  the  following  order: 

VCBt 

1.  Purplish  or  black  slate.  Fort  Pierre 300-400 

"2.  Sandstone,  Dakota,  about 500 

^\,  Green  shale,  Dakota 45 

4.  Fossilifcrous  conglomerate 2 

5.  Purplish  shale,  toward  the  top  arenaceous 10 

6.  Snowy  gypsum 4-C 

7.  Red  sbalc',  massive  or  laminated 75 

^.  Snowy  gypsum 22 

i».  The  same  as  No.  7 18 

10.  Snowy  gypsum 2^ 

11.  The  same  as  No.  7 30 

12.  Snowy  gypsum 2^ 

13.  The  same  as  No.  7,  and  slope 35 

14.  Fine-grained  limestone,  on  which  the  last  lies  unconformably  ;  this  is  known 

as  the  carboniferous  limestone,  about 100 

l.").  Harsh,  arenaceous,  magnesian  limestone,  about 75 

i<).  White  massive  sandstone,  about 75 

17.  An  immense  limestone  formation,  stretching  over  a  large  area  in  the  northern 

1)ortion8  of  the  Hills,  cappin^^  hundreds  of  buttes  and  bluffs ;  tliis  is  a 
ight-colored,  often  saccbaroidal,  variable  limestone-;  it  is  hard,  and  usu- 
ally of  a  compact  texture. 225 

IH.  Hard  red  limestone,  with  chert  and  cyathophylloid  antl  crinoid  joints 16 

19.  White  coarse  sandstone,  with  small  rounded  quartz  pebbles 25 

20.  Red  sandstone,  with  glauconitic  particles,  perhaps  25  feet,  seen  only 10 

21.  Conglomeritic  sandstone,  white 30-40 

22.  Metamorphic  schists  and  slates. 

23.  White  feldspathic  coarse  granite. 

Sections  were  observed  in  the  southern  portion  of  the  Black  Hills,  in  which  a  reddish 
quartzitc  was  conspicuous,  immediately  overlying  the  metamorphic  slates,  and  form- 
ing the  surface-rock  over  the  tops  of  a  great  many  hills.  In  some  places,  also,  a  shaly 
sandstone  is  associated  with  Nos.  19  and  20,  and  contains  Obol'Ua  and  Lingtda. 

In  respect  to  the  economical  products  of  the  rocks  of  the  Black  Hills,  the  following 
minerals  exist  in  considerable  quantities,  and  will  ultimately  be  found  very  useful : 

Gypsum  in  unlimited  quantities;  variej^ated  marble  from  the  Carboniferous  lime- 
stone; iron-ore  in  the  southeastern  portion  of  the  Hills:  muscovite;  talcose  slate, 
useful  for  whetstones. 

There  may  bo  found,  also,  other  products  of  the  granite  rocks ;  indeed,  the  miners 
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that  accompanied  the  expedition  report  the  iindiug  of  gold  and  silver  in  some  of  the 
gnlches  in  the  sontheasiern  portion  of  the  Hills,  though  I  saw  none  of  the  gold ;  nor 
did  I  see  any  aurif^rons  quartz.  I  have  taken  the  gold-reports  with  a  large  grain  of 
allowance. 

The  granite  center  of  the  Black  Hills  is  in  the  sonthem  and  southeastern  portioa^. 

The  whole  of  the  region  was  explored,  so  as  to  determine  the  genei*al  geological  strac- 
tnre,  excepting  a  range  of  hills  in  the  southwestern  part,  the  composition  of  which  is  ' 
presumed  to  be  of  the  sedimentary  rocks  above  the  Potsdam.    The  Hills  die  ont 
toward  the  south  much  more  rapidly  than  toward  the  north.    The  most  practicable 
routes  for  entering  the  Hills  are  from  the  north. 

A  large  part  of  the  Hills,  especially  in  the  north,  are  composed  of  slightly -tilted  sedi- 
mentary rocks,  cut  by  erosion  into  bluffs,  bnttes,  and  ridges,  separated  by  vallej-s  that 
generally  are  well  watered,  often  griussed,  and  arable. 

The  Hills  have  a  delightful  climate,  pure  water,  abundance  of  piue-timber,  and  a 
sufficient  quantity  of  arable  land  to  sustain  a  thick  population. 

Very  respectfully  submitted. 

N.   H.   WlXCHFLI- 

Col.  Wm.  Ludlow, 

St.  Paul,  Minn. 


PRELIMINARY  REPORT  OX  PALEONTOLOGY,  BY  MR.  GEO.  BIRD  GRINNELL. 

Sir  :  The  rapidity  with  which  General  Custer's  command  traveled,  the  long  marches 
and  brief  halts,  precluded  any  but  a  very  hasty  and  incomplete  exploration  of  the 
country  passed  through.  No  small  campiug-gronud  would  accommodate  so  large  a 
force  as  the  one  in  question,  and,  as  might  readily  be  supposed,  the  country  best  adapted 
for  the  discovery  of  fossil  remains  is  that  least  fitted  for  camping -purposes  on  account 
of  the  lack  of  wood,  water,  and  grass.  Thus  the  very  days  on  which,  with  the  great- 
est degree  of  probability,  fossils  might  be  expected,  were  usually  those  on  which  th« 
longest  marches  were  made. 

Of  course,  under  such  circumstances  it  was  necessary  to  pass  by  many  large  areas  of 
washed  bluffs  without  even  a  cursory  survey,  and  this  was  especially  the  case  on  the 
14th  day  of  July,  on  which  day  the  first  vertebrate  remains  were  discovered.  Euongb. 
however,  was  seen  to  assure  me  that  the  localities  traversed  were  by  no  means  rich  in 
fossils,  and  that  but  limited  collections  could  have  been  made  even  had  I  more  time  to 
devote  to  their  examination.  In  the  present  brief  notice,  I  propose  merely  to  touch 
upon  the  discoveries  made,  reserving  all  scientific  details  for  a  future  report,  to  be 
made  as  soon  as  the  few  specimens  collected  can  be  identified  and  their  geological 
horizon  determined  with  accuracy.  This,  it  is  hoped,  may  be  accomplished  in  a  few 
weeks. 

Starting  from  Fort  Lincoln,  July  2,  and  passing  over  a  rolling  prairie  for  about 
twenty  miles,  the  first  fossils  were  found  July  3,  near  the  summit  of  a  small  bntte. 
and  just  beneath  the  layer  of  friable  brown  sandstone  with  which  all  the  surrounding 
bnttes  were  covered.  These  consisted  merely  of  a  few  Cretaceous  shells,  bivalves, 
a  gasteropod  and  a  cephalopod,  all  much  weathered  and  so  fragile  as  almost  to  crumble 
while  being  picked  up. 

From  this  point  until  we  left  Ludlow's  Cave,  July  12,  no  bad  lands  were  8een,bnt  on 
the  13th,  several  washes  were  visited  and  thoroughly  explored,  but  all  proved  barren 
of  fossils.  On  the  14th,  the  country  became  much  more  rugged  and  barren.  High 
bluffs  and  mounds  of  blue  clay,  and  without  vegetation,  were  numerous,  so  mnch  so 
that  we  were  unable  to  visit  all  of  them.  At  Castle  Butte  we  found  the  first  Tertiary 
remains  of  the  trip,  a  few  turtle-bones  much  worn  by  the  weather,  and  a  single  leg- 
bone  of  a  mammal  of  mammoth  size,  the  latter  so  much  cracked  and  shattered  by 
pressure  that  I  was  unable  to  transport  it  to  camp. 

At  some  very  extensive  ba<l  lands  at  the  northwest  point  of  Short  Pine  Bnttes,  two 
large  vertebrie  were  discovered  together  with  a  few  chelonian  bones,  and  here,  I  think. 
w%s  the  most  promising  locality  that  we  visited  during  the  trip.  But  the  time  to 
examine  them  was  wanting,  and  we  were  obliged  to  leave  them  without  a  proper 
exploration. 

While  in  the  Black  Hills,  a  few  PaUeozoic  fossils,  chiefly  brachiopods,  of  various  kinds, 
were  found,  which  will  be  enumerat'ed  in  a  future  report ;  nothing,  however,  of  gen- 
eral interest  was  observed  until  August  17,  when  a  few  concretionary  fossils  were  found 
in  the  black  shale  northwest  of  Slave  Butte.  These  were  Cretaceous  bivalves  and 
cephalopods,  and  the  limestone  concretions  in  which  they  were  found  lay  in  position  in 
the  shale. 

It  is  much  to  be  regretted  that  the  time  allowed  for  investigation  in  this  branch  t»i* 
natural  science  was  so  short,  and  it  i«  earnestly  hoped  that  another  year  a  nion- 
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thorongh  and  careful  exploration  of  this  region  may  be  made^  and  more  interesting 
resalts  obtained. 

In  concluding  tbia  brief  review,  I  must  beartily  thank  General  Custer  and  Colonel 
I^ndlow  for  their  constant  willingness  to  assist  me  in  erer^-  way  possible  consistently 
with  the  best  interests  of  the  expedition. 
Your  obedient  seryant, 

Geo.  Bird  Grinnkll. 
Col.  Wm.  Ludlow, 

ChirfEnffmeer,  Department  of  Dakota, 


PRELIMINARY  NOTICE  OF  ZOOLOGY,  BY  MR.  GEO.  BIRD  GRINNELL. 

8ir:  In  accordance  with  your  request  made  to  me  while  at  Fort  Lincoln,  viz,  that 
I  should  make  such  notes  on  the  zoology  of  the  region  as  I  could  in  connection  with  my 
other  duties,  I  have  to  report  that,  although  my  opportunities  for  zoological  observa- 
tions and  collections  were  very  limited,  owing  to  the  rapidity  of  our  travel  and  the 
necessity  of  devoting  all  my  time  to  the  collection  of  fossils,  I  observed  nearly  thirty 
species  of  mammals,  about  one  hundred  and  twenty  species  of  birds,  and  a  few  reptiles. 
A  full  enumeration  of  the  animals  observed,  together  with  such  observations  as  I  was 
enabled  to  make  upon  their  habits,  will  appear  in  a  detailed  report,  which  I  shaJl  have 
the  honor  to  make  to  yon  as  soon  as  praticable. 

As  a  game-country,  the  Black  Hills  will  compare  very  favorably  with  any  locality  in 
the  country.  Deer  of  two  species  are  most  abundant,  the  white-tailed  deer  especially 
being  so  numerous  about  the  headwaters  of  Elk  Creek  that  one  hundred  were  killed 
by  the  command  in  a  single  day.  Elk,  from  the  indications,  are  numerous,  although 
only  a  few  were  killed.  Several  bears  were  secured,  and  not  a  few  exciting  incidents 
occurred  during  their  capture.  No  mountain-sheep  were  obtained,  although  there 
w^ere  many  indications  of  their  presence,  and  a  single  female  was  seen. 

Almost  all  the  streams  which  we  passed  were  dammed  in  many  places  by  beaver,  and 
fresh  tracks  and  signs  were  very  plenty.  Game-birds  are  well  represented  by  several 
species  of  geese  and  ducks,  which  are  to  be  found  along  the  various  water-courses  in 
and  about  the  Hills,  and  by  at  least  two  species  of  grouse,  the  sharp-tailed  and  the 
ruffed.  The  former  are  numerous  along  the  open  valleys  and  on  the  sparsely- wooded 
hill-sides,  and  the  latter  among  the  dense  pines  of  the  higher  land 

Altogether,  the  Black  Hills  offer  to  the  sportsman  abundance  and  variety  of  game, 
and  if  opened  to  thjs  white  man  will  be  as  much  esteemed  as  a  hnnting-gronnd  by  him 
as  they  now  are  by  the  Indians. 

The  fuller  details  which  I  shall  present  later  will,  I  trust,  be  found  interesting  to  the 
zoologist,  as  presenting  information  on  the  fauna  of  a  region  of  which  so  little  has  been 
told. 

Yours  respectfully, 

Geo.  Bird  Gkinkeix. 

Col.  Wm.  Ludlow, 

Chief  Engineer  Department  of  Dakota, 
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